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METHODS FOR PRODUCING MEMBERS OF 
SPECIFIC BINDING PAIRS 

The present invention relates to methods for 
producing members of specific binding pairs. The present 
J 5 invention also relates to the biological binding 

molecules produced by these methods. 

Owing to their high specificity for a given 
antigen, the advent of monoclonal antibodies (Kohler, G. 
and Milstein C; 1975 Nature 256: 495) represented a 

10 significant technical break-through with important 
consequences both scientifically and commercially* 

Monoclonal antibodies are traditionally made by 
establishing an immortal mammalian cell line which is 
derived from a single immunoglobulin producing cell 

15 secreting one form of a biologically functional antibody 
molecule with a particular specificity. Because the 
antibody- secreting mammalian cell line is immortal, the 
characteristics of the antibody are reproducible from 
batch to batch. The key properties of monoclonal 

20 antibodies are their specificity for a particular antigen 
and the reproducibility with which they can be 
manufactured • 

Structurally, the simplest antibody (IgG) 
comprises four polypeptide chains, two heavy (H) chains 

25 and two light (L) chains inter-connected by disulphide 
bonds (see figure 1). The light chains exist in two 
distinct forms called kappa (K) and laoibda (/). Each 
chain has a constant region (C) and a variable 
region (V). Each chain is organized into a series of 

30 domains. The light chains have two domains, 

corresponding to the C region and the other to the V 
region. The heavy chains have four domains, one 
corresponding to the V region and three domains (1,2 and 
3) in the C region. The antibody has two arms (each arm 

35 being a Fab region), each of which has a VL and a VH 

region associated with each other. It is this pair of V 
regions (VL and VH) that differ from one antibody to 
another (owing to amino acid sequence variations), and 
which together are responsible for recognising the 

40 antigen and providing an antigen binding site (ABS). In 
even more detail, each V region is made up from three 
complementarity determining regions (CDR) separated by 
four framework regions (FR). The CDR's are the most 
variable part of the variable regions, and they perform 

45 the critical antigen binding function. The CDR regions 
i are derived from many potential germ line sequences via a 

complex process involving recombination, mutation and 
selection . 

It has been shown that the function of binding 
50 antigens can be performed by fragments of a whole 
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VH domains of a single arm of an ^"^^Jf y- ^i^jlg ??989) 
fragment (Ward, E.S. et al., N^^"^^.^^' JJ^cof riqions; 
which consists of a VH domain; (v) isolated ^DR regions, 

a!S (vi) F(ab'), fragments, a ^i/^^.^^./JSTae aT?h"^^^ 
5 two Fab fragments linked by a disulphide bridge at -cne 

hinge region ^^.^^ 

coded for by Separate genes, it has proved Possible to 
SSe a SnSeti? linke? that ^^^^^^J^.'^^TiZ^V 

ff'e?'ai. pSi: NatrAci^'sci., USA fiS, 5879-5883 
^ifesT) by recombinant methods. These J^J^S been 
iere assembled from genes from monoclonals that had been 

15 previously isolated. ^ w^^^^o t-heir fraoments and 

Whilst monoclonal antibodies, their ^^^^a^f" 
>.«^4,«..-4«^o h«« been P-normously advantageous, there are 
n^^^rth^^s* a' number of limitations associated with 



20 Firstly, the therapeutic applications of 

monoclonal antibodies produced by human immortal cell 
lines holds great promise for the treatment of a wide 
range of diseases (Clinical Applxcationa of Monoclonal 
Antibodies. Edited by E. S. Lennox J^^fJ^^^f 

•?s Bulletin 1984. Publishers Chuucchill Livingstone}. 

5Si?SlaielJ, immortal antibody-producing h^an ce^^^^ 
lines are veiy difficult to establish ^nj they give low 

fields of antibody (approximately 1 pg/mlK ^ 
equivalent rodent cell lines yield high a«»o»nts of 

30 aiJtibody (approximately 100 pg/ml). Howev^^the 

repeated administration of these foreign rodent proxeii 
S humans can lead to harmful hypersensitivity reartions . 
in t!S main therefore, these rodent-derived monoclonal 
antibodies have limited therapeutic use. 

35 secondly, a key aspect in the isolation of 

monoclonal antibodies is how many °i?"Jties 
mtibody producing cells with different specificities, 

Si SI prESicall? established and ^"'Pl^'^, *° 
^ man? theoretically need to be ^^P^jJ/S °f rS 

40 isolate a cell producing antibody with the desired 
specificity characteristics (Milstein, Royal Soc. 
croonian Lecture, Proc. R. Soc. London B- ^, i xo, 
riQQOn For example, the number of ditteren-c 
^pecJlicitles exprLs4d at any or^ti^^^Y^^^^ of 

45 tSe murine immune system is thought to be aPProxi^at^Y 
10' and this is only a small proportion of the potential 

repertoire of specificities. Howe^f^' - 
isolation of a typical antibody producing cell with a 
desired specificity, the investigator is only -J>le t^^^ 
50 sample 10' to 10* individual specificities, .^he fJ°?^xT" 
Irworse in the human, where one has approximately 1° 
is worse X" ^^^^^ 1 ■!m-f+-n-t--fnn on c;ampllno 
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Thus, Where one wanrs to produce iiianoc±onax ciuuxuuuxo. 



having a specificity against a particular epitope, an 
animal is immunised with an immunogen expressing that 
epitope. The animal will then mount an immune response 
against the immunogen and there will be a proliferation 
5 of lymphocytes which have specificity against the 

epitope. Owing to this proliferation of lymphocytes with 
the desired specificity, it becomes easier to detect them 

• in the sampling procedure • However, this approach is not 

successful in all cases, as a suitable immunogen may not 

10 be available. Furthejcmore, where one wants to produce 

• human monoclonal antibodies (eg for therapeutic 

administration as previously discussed), such an approach 
is not practically, or ethically, feasible. 

In the last few years, these problems have in 

15 part, been addressed by the application of recombinant 
DNA methods to "the isolation and production of e^g. 
antibodies and fragments of antibodies with antigen 
binding ability- in bacteria such as E.coli > 

'^This simple substitution of immortalised cells 

20 with bacterial cells as the ' factory • , considerably 
simplifies procedures for preparing large amounts of 
binding molecules. Furthermore, a recombinant production 
system allows scope for producing tailor-made antibodies 
and fragments thereof. For example. It is possible to 

25 produce chlmaerlc molecules with new combinations of 
binding and effector functions, humanised antibodies 
(e.g. murine' variable regions combined with human 
constant domains or raurlne-antlbody CDRs grafted onto a 
human FR) and novel antigen-binding molecules. 

30 Furthermore, the use of polymerase chain reaction (PGR) 
amplification (Saiki, R.K., et al.. Science 239, 487-491 
( 1988 ) ) to isolate antibody producing sequences from 
cells (e.g. hybridomas and B cells) has great potential 
for speeding up the timescale under which specificities 

35 can be isolated. Amplified VH and VL genes are cloned 
directly into vectors for expression in bacteria or 
mammalian cells (Orlandi, R., et al., 1989, Proc. Natl. 
Acad. Sci., USA fi6. 3833-3837; Ward, E.S., et al., 1989 
supra; Larrlck, J.W., et al., 1989, Biochem. Biophys. 

40 Res. Coromun. 160, 1250-1255; Sastry, L. et al., 1989, 
Proc. Natl. Acad. Sci., USA., 86/ 5728-5732). Soluble 
antibody fragments secreted from bacteria are then 
screened for binding activities. 

However, like the production system based upon 

45 immortalised cells, the recombinant production system 
still suffers from the selection problems previously 

• discussed and therefore relies on animal immunization to 
/ increase the proportion of cells with desired 

specificity. Furthermore, some of these techniques can 
50 exacerbate the screening problems. For example, large 
separate H and L chain libraries have been produced from 
immunized mice and combined together in a random 

'^niDb 1 natnT~T n T n;:^r»noT- pr--? r^T- ctp-Tf^*^^ ^' '^^''T ^^mro 

^■cnjin eaci. ctd-^- ,iame±\- 'i.nt^ iai.na.. Dcixixnu ■ one 
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chain with one H chain, is lost. This '°L1^^ 

advantage gained by using i'<«»"^za*i°'^ P^°*°'=°^*,t««T^%m 
Sitnal. cSrrently, only libraries derived from single VH 
Smains (dAbs; Ward, E.S., et al., 1989, ^upra. ) do not 
5 suffer this drawback. However, because not all antibody 
VH domains are capable of binding a^itigen, more have to 
be screened. In addition, the problem of directly 
sIrSSS niany different specificities in prokaryotes 

remains to be solved. „kj^k 
10 Thus, there is a need for a screening system which 

ameliorates or overcomes one or more of the above or 
other problems. The ideal system 

sampling of very large numbers of specificities (eg 10 
and higher), rapid sorting at each cloning round and 

15 rapid transfer of the genetic material °od"^g ^ 
bidding moleoule from one stage of the production 
process, to the next stage. „^ 
The most attraciixve tauiuj-uaueo *wa. w.*-.- Z" 
screening, would be prokaryotic organisms (because they 

20 grow quickly, are relatively simple to manipulate and 

bS^u2riari; numbers of clones can be created) ^^ij^ . ^ 
S^ess and display at their surface a functional binding 
domain eg. an antibody, receptor, enzyme etc- In the UK 
patent GB 2137631B methods for the °o-^™f*°° i^A^: 

25 sinole host cell of the variable H and L chain genes of 
SSSSgloSlins were disclosed. Ho««^f^'^be protein was 
e^resled intracellularly and was insoluble. Further, 
the protein required extensive processing to generate 
antibody fragments with binding activity fnd this 

30 ^ratid material with only a fraction of the binding 
activity ejtpected for antibody fragments at this 
Sncen2at^ It has already been shown that antibody 
S^nts can be secreted through bacterial membranes 
wilA the appropriate signal peptide (Skerra, A. and 

35 PlSkthun, A. 1988 Science 240 1038-1040; better M et al 
1988, science 240 1041-1043) with a consequent i^P^^ase 
in the binding activity of antibody fragments. These 
methods require screening of individual clones for 
binding activity in the same way as do mouse monoclonal 

40 antibodies^^ ^^^^ however, how a functional 

binding domain eg an antibody, antibody fragment, 
rSeptor, enzyme etc can be held on the bacterial surface 
in a configuration which allows sampling of say its 

45 Sltiaen bidding properties and selection for clones with 
SSSSle ?ropir?ies. In large part, this is because the 
bacterial surface is a complex structure, and in the 
gram-negative organisms there is an outer wall which 
further complicates the position. Further, it has not 

50 bSrSoS ?hat eg an antibody domain will fold correctly 
when expressed as a fusion with a surface protein of 
bacteria or bacteriophage. 

. t 

. , 4..i .A ....... .Jk 1 1 i -•■ ■ ' '' 
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practical handling involved in many potential mass 
screening programmes, and they carry genetic information 
for their ovm synthesis within a small, simple package. 
The difficulty has been to practically solve the problem 
5 of how to use bacteriophages in this manner. A Genex 
Corporation patent application number W088/06630 has 
proposed that the bacteriophage lambda would be a 
suitable vehicle for the expression of antibody 
molecules^ but they do not provide a teaching which 

10 enables the general idea to be carried out. For example 
WO88/O6630 does not demonstrate that any sequences: (a) 
have been expressed as a fusion with gene V; (b) have 
been expressed on the surface of lambda; and (c) have 
been expressed so that the protein retains biological 

15 activity. Furthermore there is no teaching on how to 
screen for suitable fusions. Also, since the lambda 
virions are assembled within the cell, the fusion protein 
would be expressed intracellulariy and would be predicted 
to be inactive. Bass et al., in December 1990 describe 

20 deleting part of gene III of the filamentous 

bacteriophage M13 and inserting the coding sequence for 
human growth hormone (hGH) into the N- terminal site of 
the gene. The growth hormone displayed by M13 was shown 
to be functional . ( Bass , S . , et al . Proteins , 

25 Structure, Function and Genetics (1990) fl: 309-314). A 
functional copy of gene III was always present in 
addition, when this fusion was expressed. A Protein 
Engineering Corporation patent application W090/02809 
proposes the insertion of the coding sequence for bovine 

30 pancreatic trypsin inhibitor (BPTI) into gene VIII of 
M13. However, the proposal was not shoxm to be 
operative. For example, there is no demonstration of the 
expression of BPTI sequences as fusions with protein VIII 
and display on the surface of M13. Furthermore this 

35 document teaches that when a fusion is made with gene 
III, it is necessary to use a second synthetic copy of 
gene III, so that some unaltered gene III protein will be 
present. The embodiments of the present application do 
not do this. In embodiments where phagemid is rescued 

40 with M13K07 gene III deletion phage, there is no 
unaltered gene III present. 

WO90/02809 also teaches that phagemids that do not 
contain the full genome of M13 and require rescue by 
coinfection with helper phage are not suitable for these 

45 purposes because coinfection could lead to recombination. 

In all embodiments where the present applicants 
have used phagemids, they have used a helper phage and 
the only sequences derived from filamentous bacteriophage 
in the phagemids are the origin of replication and gene 

50 III sequences. 

WO90/02809 also teaches that their process needed 
information such as nucleotide sequence of the starting 
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animals, was not disclosed. Further «»ey do not discuss 
favouring variegation of their binding molecules in 
natural blocks of variation such as CDRs of 
immunoglobulins, in order to favour 9®"^?*^°" °fti___ 
5 improved molecules and prevent unfavourable variations. 
WO90/02809 also specifically excluded the application of 
their process to the production of scFv 

tnexr PJ^JJ^ the above discussed patents (WO88/06630 
and WO90/028O9), the protein proposed for display is a 

10 Sngle polypeptide chain. There is no disclosure of a 
meSod for the display of a dimerlc molecule by 
expression of one monomer as a fusion with a capsid 
r»-i-ri+-fi»ln atM3 the otiier protein in a free form. 

A^thS d?SSsSre published in May 1991 descrxbes 

15 the insertion into gene VIII of M13 thf^f>dlng sequences 
for one of the two chains of the Fab portion of ^ 
Stibody with co-expression of the other from a plasmid. 
The two chains were demonstratea as oextia TH" 
functional Fab fragment on the surf ace of Phage ( Kang 

20 AS et al. (1991) Proc. Natl. Acad. Scl, USA, Sfi p43&3 
iilh) So disclosure was made of the site of insertion 
into gene VIII and the assay for pAb binding aptj^i^ttor 
ELISA used a reagent specific for antibody L chain ratter 
San for phage. A further disclosure P"^i^«f Jj^in ffarch 

25 1991 describes the insertion of ^ fragment of ^ 

virus protein gag into the N-termxnal portion of gene III 
of the bacteriophage fd. The expression of ^ 
protein fragment was detected by immunological methods, 
but it was not shown whether or not the protein was 

30 expressed in a functional form (Tsunetsugu-Yokota Y et 
al. (1991) Gene 9£ p261-265 ) . 

The problSi of how to use bacteriophages xn this 
way is m fact a difficult one. The Protein must be 
SseJ?e5 into the phage in such a way ^J^* f ^^"2^^ 

35 of the phage coat is not undermined, and the protein 
?tself should be functional retaining Its bxologlMl 
activity with respect to antigen bindir^. Jhus, where 
the prSein of choice is an antibody, it should fold 
efficiently and correctly and be presented for antigen 

40 tJ^^tT solving the problem for --^f^^y "J^f S/"'' 
fragments would also provide a general 

bioiolecule which is a member of a specific binding pair 
e.g. receptor molecules and enzymes. 

Surprisingly, the applicants have been able to 

45 construct a bacteriophage that expresses °n<aji^Pj;jy^ 
its surface a large biologically functxonal bxndxng 
molecule (eg antibody fragments, and enzymes and 
receptors) and which remains intact and infectious- This 
irdescribed in WO 92/01047, the disclosure °f is 

50 hirein incorporated by reference. Readers of the Present 
dS^Snt ar?urged to consult WO 92/01047 for detailed 
explanation of many of the procedures used in the 
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antibody derivative or fragment, or a domain that is 
homologous to an immunoglobulin domain, the applicants 
call the package a 'phage antibody' (pAb). However, 
except where the context demands otherwise, where the 
5 term phage antibody is used generally, it should also be 
interpreted as referring to any package comprising a 
virus particle and a biologically functional binding 
molecule displayed at the viral surface. 

pAbs have a range of applications in selecting 

10 antibody genes encoding antigen binding activities. For 
example, pAbs could be used for the cloning and rescue of 
hybridomas (Orlandi, R., et al (1989) PNAS 86 p3833- 
3837), and in the screening of large combinatorial 
libraries (such as found in Huse, W.D. et al., 1989, 

15 Science 246/ 1275-1281)- In particular, rounds of 
selection using pAbs may help in rescuing the higher 
affinitv antibodies from the latter libraries. It may be 
preferable to screen small libraries derived from 
antigen-selected cells (Casali, P., et al., (1986) 

20 science 234 p476-479) to rescue the original VH/VL pairs 
comprising the Fv region of an antibody. The use of pAbs 
may also allow the construction of entirely synthetic 
antibodies. Fuirthermore, antibodies may be made which 
have some synthetic sequences e.g. CDRs, and some 

25 naturally derived sequences. For example, v-gene 
repertoires could be made in vitro by combining un- 
rearranged \r genes, with D and J segments. Libraries of 
pAbs could then be selected by binding to antigen^ 
hypermutated in vitro in the antigen-binding loops or V 

30 domain framework regions, and subjected to further rounds 
of selection and mutagenesis. 

As previously discussed, separate H and L chain 
libraries lose the original pairing between the chains. 
It is difficult to make and screen a large enough library 

35 for a particularly advantageous combination of H and L 

chains • ^7 
For example, in a mouse there are approximately 10 
possible H chains and 10^ possible L chains. Therefore, 
there are 10** possible combinations of H and L chains, 
40 and to test for anything like this number of combinations 
one would have to create and screen a library of about 
10^* clones. 

The present invention provides approaches which 
ameliorate this problem. 

45 In one approach as large a library as is 

practically possible is created which expresses as many 
of the 10" potential combinations as possible. However, 
by virtue of the expression of the H and L chains on the 
surface of the phage, it is reasonably practicable to 

50 select the desired combination, from all the generated 
combinations by affinity techniques (see later for 

x eax^eu xrom lwo snici-Lxe^ .^orari.eb> ^ . ..execLiou .... ^ 
aesirea combination. The approacn involves tne uieatiu.. 
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of: (i) a first library of say 10^ e g. H sixains which are 
displayed on a bacteriophage (as a fusion wxth the 
protein encoded by gene III) «hich is ^^^f ^-^^ . 

tetracycline; and (ii) a second library of say 1° ^-S- ^ 
5 Chains in which the coding sequences ^^^f^^^i^eS in 
Chains are within a plasmid vector and are ^jpressed in 
the periplasmic space of a host bacterium. The first 
SbrS is then uLd to infect the b»^*«^t^„S"ofT.^d L 
the se^nd library to provide 1°" *?„°4e 
10 chains on the surface of the resulting phage xn the 
bacterial supernatant. 

The advantage of this approach is 
separate libraries of eg 10' are created in ord«r to 
pSduce 10" coinbinations. Creating a 10' library is a 

15 P--^-J;^Pjy.^^2,^^i,„3 are then subjected to 
selection {see later for description of selection 
farmats) as disclosed by the Present application. This 
selection will then produce a population °f P?«g^ 

20 displaying a particular combination of H and ^chains 
Sving thi deSired specificity. The phages selected 
howevir, will only contain DNA encoding one parser of 
the paired H and L chains. The sample eluate containing 
the population is then divided into t«o PO'^S'^f 

25 firs? portion is grown on e.g. *f^«°yclineplates to 

select those bacteriophage co^tain^?^^^°2i"EiILi„„ 
chains which are involved in the ^^^^^^.f^^l^^f^^' 
A second portion is grown on e.g. f" P^^f^^SiS 
select those bacteriophage containing phagemid DNA 

30 encoding L chains which are involved in J^?. 
antigen binding. A set of colonies t^fji^^i^ 
iaolSted clones e.g. from the tetracycline ga^^f^f ® 
then used to Infect specific colonies 

can then be assayed for antigen binding. 

In anoth^ approach (called a hierarchical dual 

combinaSoSS approalh or chain ^hu^li^f.^L'^^eTor^ 
applicants ) , an individual colony from ^J^^f . 
40 chlin clone selected by growth on the Pjj^^^' 
is used to infect a complete library of 
Se other chain (H or L). Selection is as de^^^e 
above. This favours isolation of the most favourable 

combination. ^ _ , _ 

45 Phagemids have been mentioned a^^e. The 

applicants have realised and demonstrated that "^J 
cises phagemids will be preferred to phage for cloning 
antibodiei because it is easier to use them to generate 
more comprehensive libraries of the immune repertoire. 
50 This is because the phagemid DNA is approximately 100 
times more efficient than bacteriophage DNA in 



,^,^^p^o io of WO Q-^ /nina^^ 



xsDiaveu on rnc surtace ui tne oacreriopnage see 
example 17 of WO 92/01047). For example, in a syste. 
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comprising a bacterial cell containing a phagemid 
encoding a gene III fusion protein and infected with a 
helper phage, induction of expression of the gene III 
fusion protein to different extents, will determine the 
5 number of gene III fusion proteins present in the space 
defined between the inner and outer bacterial membranes 
following superinfection. This will determine the ratio 
of gene III fusion protein to native gene III protein 
displayed by the assembled phage. 

10 Expressing a single fusion protein per virion may 

aid selection of antibody specificities on the basis of 
affinity by avoiddLng the 'avidity* effect where a phage 
expressing two copies of a low affinity antibody would 
have the same apparent affinity as a phage expressing one 

15 copy of a higher affinity antibody. In some cases 

however, it will be important to display all the gene III 
molecules derived by superinfection of cells containing 
phageioids to have fusions (e.g. for seleutiHy low 
affinity binding molecules or improving sensitivity on 

20 ELISA)- One way to do this is to superinfect with a 

bacteriophage which contains a defective gene III, The 
applicants have therefore developed and used a phage 
which is deleted in gene III, described in WO 92/01047. 
The demonstration that a functional antigen- 

25 binding domain can be displayed on the surface of phage, 
has implications beyond the construction of novel 
antibodies. ' For example, if other protein domains can be 
displayed at the surface of a phage, phage vectors could 
be used to clone and select genes by the binding 

30 properties of the displayed protein. Furthermore, 

variants of proteins, including epitope libraries built 
into the surface of the protein, could be made and 
readily selected for binding activities. In effect, 
other protein architectures might serve as "nouvelle" 

35 antibodies. ^ ^ 

The technique provides the possibility of buildxng 
antibodies from first principles, taking advantage of the 
structural framework on which the antigen binding loops 
fold. In general, these loops have a limited number of 

40 conformations which generate a variety of binding sites 
by alternative loop combinations and by diverse side 
chains. Recent successes in modelling antigen binding 
sites augurs well for de novo design. In any case, a 
high resolution structure of the antigen is needed. 

45 However, the approach is attractive for making e.g. 

catalytic antibodies, particularly for small substrates. 
Here side chains or binding sites for prosthetic groups 
might be introduced, not only to bind selectively to the 
transition state of the substrate, but also to 

50 participate directly in bond making and breaking. The 
only question is whether the antibody architecture, 
specialised for binding, is the best starting point for 
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and loops to bind substrate. Many ^^^^ "^J^^^^ 
diversity of catalytic properties are based on this 
architecture and the loops might be "^^P^^^J^^^^ 
independently on the frameworks °*^2f" ^ion 

s r-atalvtlc and binding properties. The phage selection 
^ SS^af SovlSd b? ?he present disclosure can be used 
to select for antigen binding activities and the CDR 
SoS sLSted, used on either an antibody framework 

or a TIM barrel framework. Loops Plac?* O"* « ZntkcL™s 
10 barrel framework could be further oodlfxed 

«ori ««tihiecsted to further selection. Thus, there is no 
^ S I2£t for^h affinity binding activities in a 
S^le s?S The strategy of the immune system^ in which 

?oS eSflnily evolves to ^^^9^^^^^"^^^!^ "^g^n 
i«? realistic and can be mimicked using this invention. 
15 realxstic and^ „.olecules that could be useful in 

=^«n^-^-iQn er« receotors. For example, a 
^firr^JtSr^uid be displayed on the surf ace of 
thTphage such that it would bind its l^gand- The 
2Q reoeotor could then be modified by, for example, m YiS2 
^° ^^SLS^ variants having hi^jj-^^^^ J^JS? 
for the liaand selected. The selection may be caixiea 
oal SSoid^tS one or more of the formats described 



25 Alternatively, the phage-receptor "^f „f 

the basis of a rapid screening system ^ J^jJiJIs"* 
ligands, altered ligands, or Potential drug candidates. 
Thi advantages of this system namely of simple cloning, 
convenient expression, standard reagents and easy 

30 handling makes the drug screening aPP^^°«Ji°" 

particularly attractive. In the context of this 

discussion, receptor 5, ""^If^^i^.r^f nitural 

specific, or group of specific, ligand(s). The natural 
Seotor could be expressed on the surface of a 
35 p^SJo^of cells, or it could be the f^tracellular 
domain of such a molecule (whether such « ^ 
S^turally or not), or a soluble I Lll 

natural binding function in the plasma, or within a cell 

40 ""^ °''^^ther possibility, is the display of an enzyme 
molecule or active site of 35 of 

surface of a phage (see examples l^'^? ^0 31^2 and 36 or 

WO 92/01047 ) . once the phage enzyme is ^P^JJ^jf;-^*^^^" 
be selected by affinity chromatography, for instance on 

45 columns derivatized with transition state analogues. If 
S SSyme with a different or modified ^Pf^^i^^g^if 
desired it may be possible to mutate an enzyme displayed 
arilS^ioS on^actSiophage and then select on a column 
Privatised with an analogue selected to have a higher 

50 affinity for an enzyme with the desired modified 
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P204-208 (1988)), it: may be desirable to isolate lower 

affinity variants. , ^.i. ^ 

pAbs also allow the selection of antibodies for 

improved stability. It has been noted for many 

5 antibodies, that yield and stability are improved when 

the antibodies are expressed at 30 "C rather than 37 C. 

If pAbs are displayed at 37 "C, only those whicsh are 

stable will be available for affinity selection. When 

antibodies are to be used in vivo for therapeutic or 

10 diagnostic purposes, increased stability would extend the 
half-life of antibodies in circulation. ^. 

Although stability is important for all antibodies 
and antibody domains selected using phage, it is 
particularly important for the selection of Fv fragments 

15 which are formed by the non-oovalent association of VH 
and VL fragments. Fv fragments have a tendency to 

dissociate and have a much reduced half-life in 

circulation compared to whole antibodies. Fv *ras,-.snts 
are displayed on the surface of phage, by the association 

20 of one chain expressed as a gene III protein fusion with 
the complementary chain expressed as a soluble fragment. 
If pairs of chains have a high tendency to dissociate, 
they will be much less likely to be selected as pAbs. 
Therefore, the population will be enriched for pairs 

25 which do associate stably. Although dissociation is less 
of a problem with Fab fragments, selection would also 
occur for Fab fragments which associate stably. pAbs 
allow selection for stability to protease attack, only 
those pAbs that are not cleaved by proteases will be 

30 capable of binding their ligand and therefore populations 
of phage will be enriched for those displaying stable 

antibody domains. , , 

The technique of displaying binding molecules on 
the phage surface can also be used as a primary cloning 
35 system. For example, a cDNA library can be constructed 
and inserted into the bacteriophage and this phage 
library screened for the ability to bind a ligand. The 
ligand/binding molecule combination could include any 
pair of molecules with an ability to specifically bind to 
one another e.g. receptor /ligand, enzyme/ substrate (or 
analogue), nucleic acid binding protein/nucleic acid etc. 
If one member of the complementary pair is available, 
this may be a preferred way of isolating a clone for the 
other member of the pair- 
45 It will often be necessary to increase the 

diversity of a population of genes cloned for the display 
of their proteins on phage or to mutate an individual 
nucleotide sequence. Although in yitrfi or in yixs 
mutagenesis techniques could be used for either purpose, 
a particularly suitable method would be to use mutator 
strains. A mutator strain is a strain which contains a 
aenetic defect which causes DNA replicated within it to 
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for display and selection. 

Tarq^te^ gf^^^^^'ll^g^g vel set of applications makes use 
of l:he binding protein on the phage to target the phage 
5 genome to a particular cell or group of cells. For 

Sanmle, a pAb specific for a cell surface molecule could 
be^ed to bind to the target cell via the surface 
molecule. The phage could then be internalised either 
through the action of the receptor itself 

10 result of another event (e.g. an ^ .'^^^S^TSL^^ 

such as in the technique of electroporation ) . The phage 
genome would then be expressed if the relevant control 
iSnals (for transcription and translation and possibly 
SSIcltion) were present. This would be particularly 

15 useful if the phage genome contained a ffr"f^ the 
expression was desired in the target cell ^® 
aDor^nrlnta exoression control sequences). A useful 
^S^ce' might' confer antibiotic resistance to the 
rSlS^t cell or label the cell by the expression of its 

20 p?odSct (e.g. if the sequence expressed a detectable gene 
nmduct such as a lucif erase, see White, M, et aa, 

2(4), P194-201 (1990)), or confer a particular 
p^cS^ ihi tLget cell (e.g. if the target cell was 
a tumour cell and the new sequence directed the 

25 exoression of a tumour suppressing gene), or express an 
^SSS construct designed to turn off a 9^^or sB^ of 
genes in the' target cell, or a gene or gene product 
designed to be toxic to the target cell. 

Alternatively, the sequence whose expression is 

30 desired in the target cell can be encoded on a Phagemid. 
The nhaaemid DNA may then be incorporated into a phage 
displaying an antibody specific for a cell si^f ace 
receptor. For example, incorporation may be by 
suDM-infection of bacteria containing the phagemid, with 

35 a helper phage whose genome encodes the antibody fragment 
IpeSfS for the target cell. The package is then used 
to direct the phagemid to the target cell- 

This te^que of "targeted gene transfer" has a 
number of uses in research and also in therapy and 

40 diagnostics. For example, gene therapy often aims to 

target the replacement gene to a specific cell t:ype that 
is deficient in its activity. Targetting pAbs provide a 

means of achieving this . , ^ . t 

In diagnostics, phage specific for particular 

/iR bacteria or groups of bacteria have been used to target 
ma?S"geSL%.g. luciferase, to the bacterial host 
(sec for example, Ulitzer, S., and Kuhn, J. , EPA 
85303913.9). If the host range of the phage is 
aopropriate, only those bacteria that are being tested 

50 for will be infected by the phage, express the 

luciferase gene and be detected by the light they emit. 
^„^+p„, hac: hop^n Msert to detect the oresence nf 
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The pAb system allows the lucif erase cassette to be 
cloned into a well characterised system (filamentous 
phage) and allows simple selection of an appropriate host 
range, by modifying the antibody (or other binding 
5 molecule) specificity that the pAb encodes. 

The present applicants have also been able to 
develop novel selection systems and assay formats which 
depend on the unique properties of these replicable 
genetic display packages e.g. pAbs- 

10 TEE^4INOIiOGY 

Much of the terminology discussed in this sectxon 
has been mentioned in the text where appropriate. 
Specific Binding Pair (sbp) 

This describes a pair of molecules (each being a 

15 member of a specific binding pair) which are naturally 
derived or synthetically produced. One of the pair of 
molecules, has an area on its surface, or a cavity which 
specifically binds to, and is therefore defined aa 
complementary with a particular spatial and polar 

20 organisation of the other molecule, so that the pair have 
the property of binding specifically to each other. 
Examples of types of specific binding pairs are antigen- 
antibody, biotin-avidin, hormone-hormone receptor, 
receptor-ligand, enzyme-substrate, IgG-protein A. 

25 Multimeric Member 

This describes a first polypeptide which will 
associate with at least a second polypeptide, when the 
polypeptides are expressed in free form and/or on the 
surface of a substrate. The substrate may be provided by 

30 a bacteriophage. Where there are two associated 

polypeptides, the associated polypeptide complex is a 
dimer,. where there are three, a trimer etc. The dimer, 
trimer, multimer etc or the multimeric member may 
comprise a member of a specific binding pair. 

35 Example miatimeric members are heavy domains based 

on an immunoglobulin molecule, light domains based on an 
immunoglobulin molecule, T-cell receptor subunits. 
Replicable Genetic Display Pa ckaae (Rodp) 

This describes a biological particle which has 

40 genetic information providing the particle with the 

ability to replicate. The particle can display on its 
surface at least part of a polypeptide • The polypeptide 
can be encoded by genetic information native to the 
particle and/or artificially placed into the particle or 

45 an ancestor of it. The displayed polypeptide may be any 
member of a specific binding pair eg. heavy or light 
chain domains based on an immunoglobulin molecule, an 
enzyme or a receptor etc. 

The particle may be a virus eg. a bacteriophage 

50 such as fd or M13. 
Package 

This describes a replicable genetic display 
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phage an-tlbody ( pAb ) . 

Antibody^ ^^ describes an immunoglobulin whether natural 
or partly or wholly synthetically produced- The te^ 
5 alsS covers any protein having ^ binding domaxn "hich xs 
homologous to an immunoglobulin binding do^^i"; ™Jg 
proteins can be derived from natural sources, or partly 

or wholly synthetically produced. v. 4ei-,+-OToc 

or wnoJ-^y y^^ antibodies are the immunoglobulin isotypes 

10 and the Fab, F(abM,, scFv, Fv, dAb, Fd fragments. 
TmmiinnfTlohiilln Superfamily the 

This describes a family of polypeptides, the 

members of which have at least one domain ""^ * 
structure related to that of the variable or constant 

15 domain of immunoglobulin molecules The domain P^nJ^i^e 
two B-sheets and usually a conserved disulphide bond (see 
A^. Williams and A.N. Barclay 1988 Ann. Rev Immunol. 

001 —AOS ^ ^ J -I 

Sample members of an immunoglobulin superfamily 

20 are CD4, platelet derived growth ff^gSi^'^^SSpt wSS 
intercellular adhesion molecule. (ICAM). Except wnere 
the context otherwise dictates, reference to 
immunoglobulins and immunoglobulin hiamologs xn this 
application includes members of the immunoglobulin 

25 superfamily and homologs thereof. 

^^^^^^^his term indicates polypeptides having the same 

or conserved residues at a co^^^fP^"^^!;!! ,P°f,i!^°\i2 term 
their primary, secondary or tertiary structure. ™e t^ 
30 Slo ^^s^to two or more nucleotide sequences encoding 

the homologous polypeptides. ,,„m„«i-iniQhulin 
Example homologous peptides are the immunoglobulin 

isolTpes. 

35 relation to a sbp member displayed on the 

surface of Trgdp, means that the sbp member is presented 
STa Sided fSm in which its specific binding domain for 
its complementary sbp member is the same or closely 
analogous to its native configuration, whereby it 

40 exhibits similar specificity with resP^J^*° .J^^^ffers 
complementary sbp member. In this respect it differs 
from the peptides of Smith et al, supra, »'t^i<=^^f° 2°^ 
have a definite folded configuration and can assume a 
variety of configurations determined by the complementary 

45 members with which they may be contacted. 

c«»netical.i v diverse population a- 
in connection with sbp members or polypeptide 
components thereof, this is referring not only to 
diversity that can exist in the natural population of 

50 cells or organisms, but also diversity that can be 
created by artificial mutation in yjtro or xn vivo, 
created^oy^arr^ ie yitro may for example, involve random 
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92/01047). The word "population" itself may be used to 
denote a plurality of e-g. polypeptide chains, which are 
not genetically diverse i.e. they are all the same- 
Domain 

5 A domain is a part of a protein that: is folded 

within itself and independently of other parts of the 
same protein and independently of a complementary binding 
member* 
Folded Unit 

10 This is a specific combination of an a-helix 

and/or B-strand and/or 6- turn structure. Domains and 
folded iinits contain structures that: bring together amino 
acids that are not adjacent in the primary structure. 

Free Form 

15 This describes the state of a polypeptide which is 

not displayed by a replicable genetic display package. 

Conditionally Defective 

This describes a gene which does not express a 

particular polypeptide under one set of conditions, but 
20 expresses it under another set of conditions. An 

example, is a gene containing an amber mutation expressed 

in non- suppressing or suppressing hosts respectively. 

Alternatively, a gene may express a protein which 

is defective under one set of conditions, but not under 
25 another set. An example is a gene with a temperature 

sensitive mutation. 

Sunnressible' Translational Stop Codon 

This describes a codon which allows the 
translation of nucleotide sequences downstream of the 
30 codon under one set of conditions, but under another set 
of conditions translation ends at the codon. Example of 
suppressible translational stop codons are the amber, 
ochre and opal codons. 
Mutator Strain 

35 This is a host cell which has a genetic defect 

which causes DNA replicated within it to be mutated with 
respect to its parent DNA. Example mutator strains are 
NR9046mutD5 and NR9046 mut Tl (see Example 38). 
Helner Phage 

40 This is a phage which is used to infect cells 

containing a defective phage genome and which functions 
to complement the defect. The defective phage genome can 
be a phagemid or a phage with some function encoding gene 
sequences removed. Examples of helper phages are M13K07, 

45 M13K07 gene III no. 3; and phage displaying or encoding 
a binding molecule fused to a capsid protein. 
Vector 

This is a DNA molecule, capable of replication in 

a host organism, into which a gene is inserted to 

50 construct a recombinant DNA molecule. 

Phage Vector 

This is o vector derived by modification of a 
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plasmid genome, containing an origin °f JJP^Jf ^ 
bacteriophage as well as the plasmid origin of 
replication. 

^^^"^his describes a rgdp or molecule that associates 
with the member of a sbp displayed °- ^Jl^^^^Sef iS 
the sbp member and/or the -"olecule ^^^^gf^iS'-^osol . 
the pacskage assembled externally to the ^elluxar cyi: 
R^nertoire »^ i?^»»-r«nq«> ^ immunoq T "^'^ ^ ^ " Genes 
HPpprtolTre^of llatural ly occurring nucleotxdes eg 

DNA sequences which encoded expressed 

aenes in an animal. The sequences are generated by the 
frS^^rSrrangement of eg V, D and J se^ents for H 
7*a±ns^and eg the V and J segments for L chains. 
S?SaSivel? Se sequences may be generated °f 
5Snf5SiuSsli in and in which rearrangement in 

rS^e to immunisation occurs intracellularly._The^ 
word "repertoire" is used to indicate gene^xw ^v«^--w^. 



A collection of nucleotide eg DMA, ^equ^^ 
within clones; or a genetically diverse collection of 
S^p?id2/or specific binding pair ""^^s, or 
SS^pSdes or Sbp members di^P^^^^^ °* 
lelSSon or screening to provide ^ ,i J^i^^Si^n of 
polypeptide or sbp members or a mixed population or 

A collection of nucleotide eg ^^A, sequ^es 
derived wholly or partly from a source other than the 
rearranged immunoglobulin sequences from a" ^nxmai. 
mS^nclude for example, DNA sequences encoding^ 
detains by combining unrearranged V ^fS^J^^g ° 
segments and DNA sequences encoding VL domains oy 

combining V and J segments. derived bv 

Part or all of the DNA sequences may be derxvea oy 

oligonucleotide synthesis. 

Sorrptnr y r.eader Pept^e ^.^^ ^^^^^ 

terminal ^ of a ?Sypeptide and which directs movement 
of the polypeptide out of the cytosol. 

^^"^ This is a solution used to breakdown the linkage 
between So Slecules. The linkage can be a non-coval^t 
S^^lS? bond(s). The two molecules can be members of 

a sbp. 

nerlyative substance which derived from a 

nolvoeotlde ihich is encoded by the DNA within a selected 
Jgi^^'^Se dSivative polypeptide may differ from the 
enc^ed polypeptide by the addition deletion 

-Mhstit-tii-^nn or inserfion of amino acids, or by the 
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source. Alternatively markers such as enzymes, 
flouresceins etc may be linked to eg Fab, scFv 

fragments. ^^^^^^ to one aspect of the invention there is 
5 provided a method of producing multiroeric specific 
binding pair (sbp) members, which method comprises 
expresiing from a vector in recombinant host organism 
cells a population of a first polypeptide chain of a 
specific binding pair member fused to ^ component of a 

10 sSreted replicable genetic display package ( P> 

thereby displays said polypeptide chains fj^^^e surf ace 
of rgdps, and combining said population with a population 
of a sScond polypeptide chain of said specific binding 
pair member by causing or allowing first and second 

15 polypeptide chains to come together to form a library o£ 
JaZnSltimeric specific binding pair ^emb^s displayed 
by rgdps, said population of second polypeptide chains 
not belna exoressed from the same vector as said 
population of first polypeptide chains, at least one or 

20 said populations being genetically diverse and^^PJ®s^®^„ 
from nucleic acid that is capable of being packaged using 
said rgdp component, whereby the genetic material of each 
said rgdp encodes a polypeptide chain of a said 

25 Tte^SSi^Lf IlSSd'^p^S^SSde chains may be expressed 
in the same host organism cell, or not expressed in the 
same host organism cells. In the latter case the 
population of second polypeptide chains may comprise a 
repertoire of polypeptides purified from a human or 

30 animal |0"jce.^,^^ ^^^^ polypeptide chain 

is expressed from nucleic acid which is capable of being 
packaged as a rgdp using said component fusion product. 
The method may comprise introducii^ vectors 

35 capable of expressing a population of said f^^f* 

polypeptide chains into host organisms which express a 
population of said second polypeptide chains in free 
form, or introducing vectors capable of expressing a 
population of said second polypeptide chains in * ™ f orm 

40 into host organisms which express a population of said 
first polypeptide chains. 

on the other hand each said second polypeptide 
chains may be each expressed as a fusion with a component 
Sf a ?gd? which thereby displays said second polypeptide 

45 chains at the surface of rgdps. In other words both 
first and second chains may be displayed on rgdps by 
fusion to, for example, a capsid problem. In a method 
where soluble chains are combined wi«»^*"«J°"f -^eDs 
polypeptide chains and rgdp component the following steps 

5D may be included: ^ „ 

(a) forming an extracellular mixture of a 
population of soluble second PolYPeptide chains and rgdps 

^,:K^^^,..r.n -np,ila+-inn of first Dolypeptide chains; and 



y-i tl -1. i. i 1 1 i i, i 1 * . j . Ill Li X J. - 



wo 92/20791 



18 



The extracellular mixture may be partially 
denatured before being renatured to cause or allow saxd 
first and second polypeptide chains to come together to 
fiS sSd JlSary^ Ihe population of f ^^''^ P^iyP^^?!^ 
5 Sains may comprise a repertoire of polypeptides purxfied 

from a human or animal source. „k»j«= m=Tr h«. 

The populations of said polypeptide chaxns may be 

derived from: , ^. 

(i) the repertoire of rearranged 

10 iiranunoglobulin genes of an animal immunised with 
complementary sbp ^^^l' ^^^^^^^^^ ^f rearranged 
immunoglobulin genes of an animal not immunised with 

complementary sbp member; _»..*^^,an« i-MTTanaed 

15 (iii) a repertoire of an artxfxcially rearrangea 

immunoglobulin gene or genes; 

^(i^j a repertoire of an immunoglobulin 

homolog^gsns or genes; ^^^^^^^^^ sequences derived 

20 fzxmi a germ-line immunoglobulin gene or genes; 

ttwiu o y ^ repertoire of an immunoglobulin 

gene or genes artificially mutated by the introduction of 
one or more point mutations. m\ 
(vii) a mixture of any of {x}, (il), 

25 (iii), (iv), (v) and (vi). oaiected 

When a phage is used as rgdp ««y ?f % 
from the class I phages fd, M13, ^J/Z, Ff 

and the class II phages Xf, Pfl and Pf3. 

Following combination rgdps may ^'^selected or 
30 screened to provide an individual ^bp member ^ J "^"^ 
nonulation Of said sbp members associated in their 
?^|SSS Sdps with^nucleic acid 

chain thereof. The restricted population of at least one 
^Tor^Speptide chain provided in t:his^way may then 
35 used in a further dual combinational method in 

Se^n of aS^vidual, or a restricted population of 

coniDleiiien1:&ry chain. , _ ^ j» 

Nucleic add taken from a f^^tricted rgdp 

population encoding said first polypeptide Pj^f^J, ^® 
40 L?roduced into a recombinant sector into which nucleic 
acid from a genetically diverse rePf'^°i^f„°* 
acid encoding said second polypeptide chains is also 
Produced, Ir the nucleic acid taken from 
rgdp population encoding said second polypeptide chains 
45 miy bl introduced into a recombinant ^^ctor into which 
nulleic acid from a genetically diverse ^ePf^Ji^ 
nucleic acid encoding said first polypeptide chains is 

also introduced. j j i 

The recombinant vector may be produced by 
50 intracellular recombination between two vectors and this 
iarSTprSmoted by inclusion in the vectors of sequ«;ces 
at which site-specific recombination will occur such as 
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the control of a regulatable promoter. 

Production of a recombinant vector may be used to 
produce nucleic acid encoding a single chain Fv region 
derivative of an immunoglobulin resulting from 
5 recombination between first and second vectors. 

It may be desirable for the vector comprising 
nucleic acid encoding the first polypeptide chain to be a 
phage or phagemid while the vector comprising nucleic 
acid encoding the second polypeptide chain being a 

10 plasmid; or the vector comprising nucleic acid encoding 
the first polypeptide chain to be a plasmid while the 
vector comprising nucleic acid encoding t:he second 
polypeptide chain is a phage or phagemid. Then, the 
intracellular recombination may take place In a bacterial 

15 host which replicates plasmlds preferentially over phages 
or phagemids, or which replicates phages or phagemids 
preferentially over plasmlds. It may be advantageous to 
use a system wherein the preferential replication of one 
type of vector over the other is conditional. 

20 This is discussed later with reference to PolA 

strain of E.coli or of another grain-negative bacterium. 

The invention envisages also a method of producing 
multimeric specific binding pair (sbp) members, which 
method comprises 

25 (1) causing or allowing intracellular 

recombination between (a) first vectors comprising 
nucleic acid' encoding a population of a fusion of a first 
polypeptzlde chain of a specific binding pair member and a 
component of a secreted repllcable genetic display 

30 package (rgdp) and (b) second vectors comprising nucleic 
acid encoding a population of a second polypeptide chain 
of a specific bdLndlng pair member^ at least: one of said 
populations being genetically diverse, the recombination 
resulting in recombinant vectors each of which comprises 

35 nucleic acid encoding a said polypeptide fusion and a 
said second polypeptide chain and capable of being 
packaged using said rgdp component; and 

(ii) expressing said polypeptide fusions and 
said second polypeptide chains, producing rgdps which 

40 display at their surface said first and second 

polypeptide chains and which each comprise nucleic acid 
encoding a said first polypeptide chain and a said second 
polypeptide chain - 

This may be with or without a preliminary 

45 selection or restriction of one of the populations of 
second polypeptide chains by any other method according 
to the Invention. 

An Important aspect of the present invention 
provides a method of producing one or a selected 

50 population of multichain polypeptide members of a 
specific binding pair ( sbp members ) specific for a 
counterpart specific binding pair member of interest, 
which method nomprises thp fnllnwina steps* 
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to a component of a replicable genetic display package 
(rgdp) which thereby displays said polypeptide chains at 

the surface of rgdps; 

(ii) combining said population with a iinique or 

5 restricted population of second polypeptide chains of 

said multichain sbp members, not being expressed from the 
same vector as said population of first polypeptide 
chains, said combining forming a library of said 
multichain sbp members displayed by rgdps, said 
10 genetically diverse population being expressed from 
nucleic acid which is capable of being packaged using 
said rgdp component, whereby the genetic material of each 
said rgdp encodes a said first polypeptide chain; 

(iii) selecting by affinity with said counterpart sbp 
15 member of interest multichain sbp members specific for 

said counterpart sbp member associated in their 
respective rgdps with nucleic acid encoding a said first 

n , , ,. t-J ^Kcft^vk 4*HoT* *»r> ^ " 

(iv) combining said first polypeptide chains of 
multichain sbp members selected in step (Hi) with a 
aenetically diverse population of second polypeptide 
chains of multichain sbp members, the said second 
polypeptide chains being fused to a component of a rgdp 
Sii^ thereby displays them at the surface of ^dps, the 

25 said combining in this step (iv) forming a library of 

multichain sbp members from which one or more multichain 
sbp members specific for said counterpart sbp member are 
selectable by affinity with it. ^.». «^ 

These multichain sbp members may be antibodies, or 
30 other members of the immunoglobulin family, or binding 
fragments thereof, or any other multimeric sbp member. 
See elsewhere in this text for other examples. 

Advantages and benefits of such a method are 
discussed elsewhere in this application. This technique 
35 may be modified for "humanising" antibodies, 0P^?-0"^lly 
in combination with CDR grafting and perhaps with the use 
of chimaeric polypeptide chains. Useful chimaerlcs may 
comnrise a variable domain derived from a non-human 
aniSal antibody specific for the antigen of int^est and 
a human antibody domain, such as one comprising Cyl. a 
aenetically diverse population of chimaeric second 
polypeptide chains may be used in step (ii) of the 
method. Each of said population of second polypeptide 
chains combined in step (iv) may be a human chain which 
45 comprises an imposed complementarity determining region 
(CDR) from a non-human animal antibody specific for saia 
antigen. If said first polypeptide chains are 
immunoglobulin light chains and said second polypeptide 
chains are immunoglobulin heavy chains. Then it may be 
beneficial in a selection of a high specificity humanised 
antibody for the Imposed CDR to be CDR3. 

The invention encompasses kits for use in carrying 
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(i) a vector having the following features: 
(a) an origin of replication for single-stranded 
bacteriophage, (b) a restriction site for insertxon of 
nucleic acid encoding or a polypeptide component of an 
5 sbp member, (c) said restriction site being in the 5 end 
region of the mature coding sequence of a phage capsxd 
protein, and (d) with a secretory leader sequence 
upstream of said site which directs a fusion of the 
capsid protein and sbp polypeptide to the perlplasmic 

10 space of a bacterial host; and (ii) another vector, 

having some or all of the features (a), (b), (c) and (d) 
of the vector described in ( i ) . ^v. ^ 

Another kit for use in carrying out a method 
according to one aspect of the invention may have the 

15 following components in addition to ancillary components 
required for carrying out the method: 

(i) a first vector having the following features: 

(a) a restriction site for insertion of nucleic acid ^ 
encoding or a polypeptide component of an sfap uieuiuei., lu, 
20 said restriction site being in the 5' end region of the 
mature coding sequence of a phage capsid protein, and (c) 
with a secretory leader sequence upstream of said site 
which directs a fusion of the capsid protein and sbp 
polypeptide to the periplasmic space of a bacterial host, 

(ii) a second vector having a restriction site for 
insertion of nucleic acid encoding a second said 

polypeptide chain, , -^j^ 

(ill) at least one of the vectors having an origin of 

30 replication for single-stranded bacteriophage, and 
(iv) the vectors having sequences at which site- 
specific recombination will occur. 

In the above methods, the binding molecule may be 
an antibody, or a domain that is homologous to an 

35 immunoglobulin. The antibody or domain may be either 
naturally derived or synthetic or a combination of both. 
The domain may be a Fab, scFv, Fv dAb or Fd molecule. 
Alternatively, the binding molecule may be an enzyme or 
receptor or fragment, derivative or analogue of any such 

40 enzyme or receptor. Alternatively, the binding molecule 
may be a member of an immunoglobulin superfamily and 
which has a structural form based on an immunoglobulin 

molecule. . ^ , 

The present invention also provides rgdps as 
45 defined above and members of specific binding pairs eg. 
binding molecules such as antibodies, enzymes, receptors, 
fraoments and derivatives thereof, obtainable by use of 
any of the above defined methods. The derivatives may 
comprise members of the specific binding pairs fused to 
50 another molecule such as an enzyme or a Fc tail. 

The invention also includes kits for carrying out 
the methods hereof. The kits will include the necessary 
..„^t-or<? Onn such vector will typically have an origin 
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Of the mature coding sequence of a phage capsid protein, 
and with a secretory leader coding sequence upstream of 
Sid site wSich dirLts a fusion of the capsid protein 

exoqenous polypeptide to the periplasmic space. 
exogenou^^P^^y^^^^^^^^ ^^^^ vectors are 

preferably those of enzymes which cut only rarely in 

orotein coding sequences. „««*«^ 
The kit preferably includes a phagemxd vector 

which may have the above characteristics, or may contain, 
10 or SvTS site for insertion, of sbp member nucleic acid 

for expression of the encoded polypeptide m free form. 
The kits will also contain ancillary components 

required for carrying out the method, the nature such 

^^nents depending of course on the particular method 

15 uggfyj^ ancillary components may comprise helper 

phage, PCR primers, and buffers and enzymes of various 



PCR primers and associated reagents for use where 
20 the sbp members are antibodies may have the following 

Sr^'^^iSf having homology to the 5- end of t^he sense 
or anti-sense strand of sequences encoding domains 
of antibodies; and -w^ca 
25 rii) primers including tag sequences 5' to these 

homologous sequences which incorporate restriction 
sites' to allow insertion into vectors; together 
with sequences to allow assembly of amplified VH 
and VL regions to enable expression as Fv, scFv or 

Fab fragments- ^. , „ 

Also comprehended by the present invention is the 
provision of an intermediate product of a dual 
Combinational method, comprising a sel^^^^J °^ P^S^J 
^ected mixed population of vectors or specific binding 
35 SS^S^Ders, sSch as antibodies, which can then be used 
in a further method of combination and selection. 

^fers and enzymes are typically used to enable 
oreparation of nucleotide sequences encoding Fv, scFv or 
?ab fragments derived from rearranged or unrearranged 
40 immunoglobulin genes according to the strategies 

described herein. ^ . , ^ _ 

The applicants have chosen the filamentous F- 

specific bacteriophages as an example 

nhaoe which could provide a vehicle for the display of 
45 ffiLg iSecules Lg. antibodies ^nd antibody fragments 

and d^ivatives thereof, on their surface and facilitate 

subsequent selection and manipulation. 

The F-specific phages (e.g. fl, fd a^d m?)**^;'® 

evolved a method of propagation which does not kxll the 
50 host cell and they are used commonly vehicles for 

recombinant DNA (Romberg, A., Replication, W.H. 

Freeman and Co., San Francisco, 1980) The single 
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each contain approximately 2,800 molecules of the major 
coat protein encoded by viral gene VIII and four 
molecules of the adsorption molecule gene III protein 
(g3p) the latter is located at one end of the virion. 
5 The structure has been reviewed by Webster et al., 1978 
in The Single Stranded DNA Phages, 557-569, Cold Spring 
Harbor Laboratory Press. The gene III product is 
involved in the binding of the phage to the bacterial F- 
pllus . 

10 Although these phages do not kill their host 

during normal replication, disruption of some of their 
genes can lead to cell death (Romberg, A., 1980 supra.) 
This places some restraint on their use. The applicants 
have recognized that gene III of phage fd is an 

15 attractive possibility for the insertion of biologically 
active foreign sequences. There are however, other 
candidate sites including for example gene VIII and gene 
VI. 

The protein itself is only a minor component of 

20 the phage coat and disruption of the gene does not lead 
to cell death (Smith, G. 1988, Virology 167 ; 156-165). 
Finrthermore, it is possible to insert some foreign 
sequences (with no biological function) into various 
positions within this gene (Smith, G. 1985 Science 228: 

25 1315-1317., Parmley, S.F. and Smith, G.P- Gene: 21 (1988) 
p. 305-318., and de la Cruz, V.F., et al., 1988, J. Biol. 
Chem., 263 ; '4318-4322). Smith et al described the 
display of peptides on the outer surface of phage but 
they did not describe the display of protein domains. 

30 Peptides can adopt a range of structures which can be 

different when in free solution, than when bound to, for 
example, an antibody, or when forming part of a protein 
(Stanfield, R.I. et al., (1990) Science 248 . p712-719). 
Proteins in general have a well defined tertiary 

35 structure and perform their biological function only when 
adopting this structure. For example, the structure of 
the antibody D1.3 has been solved in the free form and 
when bound to antigen (Bhat, T.N. et al., (1990) Nature 
347, p483-485). The gross structure of the protein is 

40 identical in each instance with only minor variations 

around the binding site for the antigen. Other proteins 
have more substantial conformation changes on binding of 
ligand, for instance the enzymes hexokinase and pyruvate 
dehydrogenase during their catalytic cycle, but they 

45 still retain their overall pattern of folding. This 

structural integrity is not confined to whole proteins, 
but is exhibited by protein domains. This leads to the 
concept of a folded unit which is part of a protein, 
often a domain, which has a well defined primary, 

50 secondary and tertiary structure and which retains the 

same overall folding pattern whether binding to a binding 
partner or not. The only gene sequence that Smith et 
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(Parmley, S. + Smith, G.P. 1988 supra. This would encode 
112 amino acids of a much larger 380 amino acid domain. 
Therefore, prior to the present application, no 
substantially complete domain or folded "nit had been 
5 displayed on phage. In these cases, although tne 

infectivity of the virion was disrupted, the xnsertea 
sequences could be detected on the phage surface by use 
of e.g. antibodies. 

The protein encoded by gene III has several 

10 domains (Pratt, D., et al., 1969 Virology ||-*2-53., 
Grant, R.A., et al., 1981, J. Biol. Chem 2Si: 539-546 
and Armstrong, J., et al., FEES Lett. 135: 167-172 1981.) 
including: (i) a signal sequence that directs the protein 
to the cell membrane and which is then cleaved off, (n; 

15 a domain that anchors the mature protein into the 

bacterial cell membrane (and also the phage coat); ana 
(iii) a domain that specifically binds to the phage 

receptor, the ^-plius oi «i» wc«-fc.«si^—« 

sequences derived from protein molecules have been 

20 inserted into two places within the mature molecule 
(Smith, G., 1985 supra., and Parmley, S.F. and fmith 
G.P., 1988 supra.). Namely, into an inter-domain region 
and also between amino acids 2 and 3 at the N-terminus. 
The insertion sites at the N-terminus were nw^e 

25 successful in maintaining the structural integrity or tne 
gene III protein and displaying the peptides ™ 
surface of the phage. By use of antisera specific for 
the peptides, the peptides inserted into this position 
were shown to be on the surface of the phage. These 

30 authors were also able to purify the phage, using this 
property. However, the peptides expressed by the pnage, 
did not possess measurable biological functions of their 
own 

Retaining the biological function of a molecule 

35 when it is expressed in a radically different context to 
its natural state is difficult. The demands on the 
structure of the molecule are heavy. In contrast, 
retaining the ability to be bound by specific antisera is 
a passive process which imposes far less rigorous demands 

40 on the structure of the molecule. For example, 

rule rather than the exception that polyclonal antisera 
will recognise totally denatured, and biologically 
inactive, proteins on Western blots (see for example, 
Harlow, E. and Lane, D. , Antibodies, a Laboratory Manual, 

45 Cold Spring Harbor Laboratory Press 1988). Therefore, 

the insertion of peptides into a region that allows their 
structure to be probed with antisera teaches only that 
the region allows the inserted sequences to be exposed 
and does not teach that the region is suitable for the 

50 insertion of large sequences with demanding structural 
constraints for the display of a molecule with a 
biological or binding function. In particular, it does 
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,Mlity .o be bound 'P-^i^tS^^J^T^i^e^llartii:^' 
rigorous demands on the structure function 
do2s folding for the retention of ^ biological 

Studies have been carried out, "?J;°S-ad?eneraic 
5 have been manipulated to express the protein fl-adrenergxc 
recjeptor as a fusion with the outer membrane protexn 

The B-adrenergic receptor was expressed in a 

fS^kcIa? to^Ts dStermined by P^SSSdy fSs?^n"^ 
nctlvitv However, when an equivalent a^^^^^o^y/"""" ^ 
10 S wiS the antibody fusion was toxic to the 

^^""^ ''"ii; applicants have investigated ^be possibility 
of inserting the gene coding sequence for biologically 

active antibody fragments into the . s Loalen? ?rom 

m i-n pxnress a laroe fusion protein. As is apparent; ittmi 
Se pSSous dScussion, tKls approach -«akes onerous 

demands on the functionality of *^^i°lP^2®S* 
iSertion is large, encoding antibody fragments of at 

leaSt 100-200 amino acids; the a"ti»>W 
20 must fold efficiently and correctly to display «^tigen 

binding; and most of the functions of "^^^^^^ of 

retained. The applicants approach *° . ^"J^^Jak of 

^si^tlSt v;tsion of fd bacteriophage th«J can be 

propagated as a plasmld that ^p^icants 
resistance to the infected E^SQiL host. The ^PP-^^°^rr„ 
30 SosI to insert after the signal ^^^^.^^^If J^e^^ 
III protein for several reasons. In particular tne 
applicants chose to insert after 

SiSlnSs The inserted immunoglobulin sequences were 
SS^S'to ISSliSfresidues from the switch region that 
links VH-VL to CHl-CL (Leak, A., and Chothia, C. , Nature 
40 335, 188-190 1988). ^^^^ ^^.^^ xxi of 

bacteriopSge f the present applicants have been^le 
?o construct a bacteriophage that displays on Itssurf ace 
large biologically functional antibody ^^V^^- ^ 
45 receptor molecules whilst remaining ^J^^^* ^^°„^^^,^i„s 

50 molecules and for insertion into the vector to give 

' ^p?Lsion of antibody binding functions 

e„T--F«n** oan be derived from a variety of sources- rot 
^v^^p?^ ""^.unitld or non-immunised rodents or humans. 
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art (Orlandi, R. et 1^89 supra; I'arric^ J.W 

al., 1989 supra; g^iang Y l j.989 supra; 

Techniques 7, p. 360-355 ^ wara, i:..i>r 

, =-"^-,S;-a!scJiiire'^drSr*e present applicants Is 
' i„po«Jf S-iei-s • significant "reakthrough in the 
teSnnclogy -latlng tc «J^ro*;otxon^o£^io^^^^ ^ 

binding molecules, 1:hexr fragmem^s cai^w 

use of recombinant me-thods. ^^,^0 ^oy- the 

in Tn standard recombinant techniques for tne 

proa^Sn^^tl^ea.^ -Press^^^ 

20 then has ?o be Isolated for use from E.coli in further 
prooasslng^ps^ ho«ver, tha desired 

antlbod^"pS^S|lde JL^? SSS°?S 

25 s^iSosrioairsfSk^^^ficig 1=_^^ 

^iI^^H ^horo is no need to return to the originax 
StSf io?Sola?lon of that: sequence ^SlSSS^'ea^ 
SeSSus methods in standard recombinant tfctaiques, each 
SSS^ressing antibody needs to be screened 

selection of clones expressing antibodies wixn 
properties and thus only requires screening of clones 

from an^J^ (eg a pAb) displays a member of a 

35 specific SS?n^ pS? l^- ^ antibody of monoclonal 
SSgS-binding specificity) at the surface J 
relatively simple replicable structure also containing 

- SfErSS iStfni^is'tS-cSSpSSS '-^ 

Si 3^ Sfh-^si^- ^^^^ 

^„rl, «.a speclflcally^npljfylng the»^nees 
" SSS^Slr « JSThaS^'Se orSInS- bacterial clone 

^rS*iSlSS"|cSrSf>s wlth^ desired properties or by 
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Stocks of phage, bacteria containing phagemids or 
bacteria expressing soluble fragments derived from the 
selected polyclonal population. Thus a reagent 
equivalent to a polyclonal antiserum is created which can 
5 be replicated and routinely manufactured in culture 
without use of animals. 

SELECTION FORMATS AND AFFINITY IVIATURATION 

Individual rgdps eg pAbs expressing the desired 
specificity eg for an antigen, can be isolated from the 

10 complex library using the conventional screening 

techniques (e.g. as described In Harlow, E., and Lane, 
D., 1988, supra Gherardl, E et al. 1990. J. Immunol, 
meth. 126 p61-68). 

The applicants have also devised a series of novel 

15 selection techniques that are practicable only because of 
the uxxique properties of rgdps. The general outline of 
some screening procedures is illustrated in figure 15 
using pAbs as an example type of rgdp. 

The population/library of pAbs to be screened 

20 could be generated from immunised or other animals; or be 
created in vitro by mutagenising pre-existing phage 
antibodies (using techniques well-known in the art such 
as oligonucleotide directed mutagenesis (Sambrook, J., et 
al., 1989 Molecular Cloning a Laboratory Manual, Cold 

25 Spring Harbor Laboratory Press). This population can be 
screened in one or more of the formats described below 
with reference to figure 15, to derive those individual 
pAbs whose antigen binding properties are different from 
sample c. 

30 Binding Elution , 

Figure 15(1) shows antigen (ag) bound to a solxd 
surface (s) the solid surface (s) may be provided by a 
petri dish, chromatography beads, magnetic beads and the 
like. The population/library of pAbs is then passed over 

35 the ag, and those individuals p that bind are retained 
after washing, and optionally detected with detection 
system d. A detection system based upon antl-fd antlsera 
is illustrated in more detail in example 4 of WO 
92/01047. If samples of bound population p are removed 

40 under increasingly stringent conditions, the binding 
affinity represented in each sample will increase. 
Conditions of increased stringency can be obtained, for 
example, by increasing the time of soaking or changing 
the pH of the soak solution, etc. 

45 Competition 

Referring to figure 15(ii) antigen ag can 
be bound to a solid support s and bound to saturation by 
the original binding molecule c. If a population of 
mutant pAb (or a set of unrelated pAbs) is offered to the 
50 complex, only those that have higher affinity for antigen 
ag than c will bind. In most examples, only a minority 
of population c will be displaced by individuals from 
nnpiilotinn n Tf n i-rr^ditional antibody molecule 
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An advantageous application is where /J^^jf^^ 
a receptor and c the corresponding lij^^^ JJj 1^1^^^ 
bound population p is then ^^^tf^^^ ^^"^jTis ^vpe of 
receptor binding site/and or ligand. This type or 
5 SeSficity is known to be very useful in the 

Pharmaceutical industry^^^^ application is where ag is an 

^^^loTt L^SerSTn;i-IS?o?S -^^^^^^ -ve 
10 nSSSSS SsL In research and the diagnostic and 

P^'^^A^*™^;? S'lf lifficult to select directly for 
anti-id?ol5^S^i£odiL pAbs would ?ive the ability to 

^^^^^^ 

?S;?S:°L^a:«ee!'p ^^^Sor^^d^^^^^^^^ 
.0 --2? i^^X eJ?hr;rboth c ana 

p can adSSously - .^^^^ ^^,^3 

25 with ??o^^- - 

n^^^-r- P at al 1985, Nucl- Acids Res. IJ, 

^^^}^^lot^t SSe^- SS?Stifn Sus 

n^M^o-^ S JSr^rwould be 

S?2Sy"JSiS^S SrSos; iSvfdulls fromVwi1:h higher 
Slllnl SliSSies Alternatively, the genetic marking 
binaing «5y"**~-^r" „._v<r»rt n with new sequences, which 
35 can be achieved by P "^gf? P from the mixture 

can be used to specifically ampxxry p 

vising PGR amplified using for 

example^^ro^^^iaf^J^^^^^ iSeS^SsS?SSint 
Sd™if Sr^^Sd Stection via conventional 

techniques. selection of a phage 

displaying fp^SeS molecule with a ^-^^^.fPJft^iSSx 
oispiByjLwy H ^ elution from an affinxty matrix 

I SSnS 2Sp?S 21 of wo 92/01047). /lutlon 

phage displaying binaing °ndi Intiaen 

affinity matrix with molecule related to the 
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to eg the antigen-antibody compleK* Some of the non- 
specific elution methods generally used reduce phage 
viability for instance, phage viability is reduced with 
time at pHI2 (Rossomando^ E.F. and Zinder N.D, J. 
5 Mol.Biol. 36 387-399 1968)- There may be interactions 
between eg antibodies and affinity matrices which cannot 
be disrupted without completely removing phage 
infectivity. In these cases a method is required to 
elute phage which does not rely on disruption of eg the 

10 antibody - antigen interaction. A method was therefore 
devised which allows elution of bound pAbs under mild 
conditions (reduction of a di thiol group with 
dithiothreitol ) which do not disrupt phage structure 
(enample 47 of WO 92/01047). 

15 This elution procedure is Just one example of an 

elution procedure under mild conditions. A particularly 
advantageous method would be to introduce a nucleotide 
sequence encoding amino acids constituting a recognition 
site for cleavage fay a highly specific protease between 

20 the foreign gene inserted, in this instance a gene for an 
antibody fragment, and the sequence of the remainder of 
gene III. Examples of such highly specific proteases are 
Factor X and thrombin. After binding of the phage to an 
affinity matrix and elution to remove non-specific 

25 binding phage and weak binding phage, the strongly bound 
phage would be removed by washing the column with 
protease under conditions suitable for digestion at the 
cleavage site. This would cleave the antibody fragment 
from the phage particle eluting the phage. These phage 

30 would be expected to be infective, since the only 

pxrotease site should be the one specifically introduced. 
Strongly binding phage could then be recovered by 
infecting eg. E.coli T61 cells. 

An alternative procedure to the above is to take 

35 the affinity matrix which has retained the strongly bound 
pAb and extract the DNA, for example by boiling in SDS 
solution. Extracted DNA can then be used to directly 
transform E.coli host cells or alternatively the antibody 
encoding secjuences can be amplified, for example using 

40 PCR with suitable primers such as those disclosed herein, 
and then inserted into a vector for expression as a 
soluble antibody for further study or a pAb for further 
rounds of selection. 

Another preferred method for selection according 

45 to affinity would be by binding to an affinity matrix 
containing low amounts of ligand. 

If one wishes to select from a population of 
phages displaying a protein molecule with a high affinity 
for its ligand, a preferred strategy is to bind a 

50 population of phage to an affinity matrix which contains 
a low amount of ligand. There is competition between 
phage, displaying high affinity and low affinity 
proteins, for binding to the ligand on the matrix. Phage 
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ligand or by ot:her Procedures which elate the phage from 
the affinity matrix (example 35 of WO 92/0104/ 

demonstrates this P^ee^^^^FJ^^^covery of the packaged dna 
In summary then, tor recovery »- ^Tmniv eluted 

5 from the affinity step, the package fJ^^^JJSSf sS^ 

it can be eluted in P^«^J?f °^^Jgf ?or gJnding to a 
niember which competes with said P^"=^J9^J^° ^ by boiling, 

complementary sbp -^^Ji^^^^^^^i^ Sea?Sge of the 
it could be removed by proteoiyi:3.c cxeavay^ ^-Hnc5l^ 

10 p^oSS; and other methods will b%^PSS^\J?„^^^?he 
Skilled in the art eg. destroying the link between tn 

substrate and complementary sbp "»e«^^^^° lifSbjlctive 
packaged DNA and sbp member. At ^yflX^'y^^^.l be 
is to obtain the DNA from the Pa°l«ge so that xt can oe 

15 used directly or indirectly, to express the sbp member 
^•^^^S^glciency of this -lection progdure for 
DAbs and the ability to create very l«ge librarxes means 
?St Sie immunisation techniques aevexopeu jr;^?"--.^ 

20 pSpoS!on of screened cells P'^°'>"^9 f ^^5°^ °* 

inteiesl will not be an absolute f^<3"i5^^5i-_™ 
i:echnlque allows the "pid isolation of binding 

specificities eg f^^^f^:^^^ J^Si^SSfn^ble by 
those that would be difficult of «atalvtlc or anti- 

25 conventional techniques examp^ SSarStSether 

idiotypic antibodies. J^li°\^l^oi^^ iiaune 
is now possible, once a con^lete xinraty 
repertoire has been constructed. number 
The structure of the pAb molecule °an be us^ JJ^! 

30 of other applications, some examples of which are. 

fijgnal AiP pI tf ication ,+-c!*»l£ rados eg 

— *^ Actino as a molecular entxty xn xtsext, rgap^ ey 

35 SS^S ~^-oSSfmSl4t|f^^^^ h^ZyT^lr means 
attached via immunological, with 
and can be used, for example, to i?^^, ™f "Ssrin vivo 
detection reagents or cytotoxic molecules for use xn v 

or in vitrOo 

40 Physlnal Detection ^^/^^H^/^f 
marker p2t!cularly with respect to physxcal methods of 
detection such as electron microscopy and/or some 
biosensors, e.g. surface plasraon resonance. 

45 n iB ono-sti^ Assays ^^^^ advantageous uses in 

rti«miQstiS assays, particularly where separatxon can be 
ef SsSg S4i? physical properties for example 

centrifugation^ Si^^°JnvStion is more fully 

understSd?^^diments^il3^^be d^^^^^^ 
by way of example only and ^ot by way oi x 

' ^ ^.y^p f^-(jtirp<' flF!f?crlbed below. 
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an antibody with a given p[K] value against the size of a 

^ Fig. 2 outlines a strategy to clone heavy chain as 

g3 fusion on phage, light change being expressed as 
5 soluble fragments from a phagemid. 

Fig. 3 shows a cloning strategy wherein only one 
of the two replicons is capable of being packaged into a 

filamentous particle. 

Fig. 4 shows various possible combinations ot 
10 heavy and light chains, gene 3 fusions, and replicons in 
Dolycombinantorial libraries. . 

Fig. 5 shows a strategy for cloning heavy chaxns 
as g3 fusions on phage with combination with purified 
light chains in vitro. 
15 Fig. 6 illustrates the use of sites specxfic 

recombination for construction of polycombinantorial 

Flo. 7 shows the sequence of the template clone 

. . _ « -1 mK< « -Sc. &aK wmn 1 9 (Hoooenbooin ©t 
used in exsiufc»j.is 4.".^= • ~ — % — — » 

20 al 1991, supra). „ , . 

Fig. 8 illustrates a strategy for cloning heavy 

and light chains as separate elements. 

Fig. 9 shows the sequence of poly linker used in 
pUC19 and pUC119 derivatives in example 1. 
25 Fig. 10 shows the results of the infection 

experiments described in example 1, illustrating 
interference between phage and phagemid vectors . 

Fig 11 illustrates the effect on ELISA signal of 
interference between phage and phagemid vectors, compared 

30 with phage and plasmid. ^. ^ , 

ju wiu V a ^hows ELISA results which show that only 

when the correct heavy and light chain combination is 
used is a functional antibody produced, as demonstrated 
in example 3. 

35 Fig. 13 shows an example of a scheme for 

humanising a mouse monoclonal antibody. 

Fig. 14 shows the basic structure of the simplest 

antibody molecule IgG. ^ . ^ 

Fig. 15 shows schematically selection techniques 
40 which utilise the unique properties of pAbs; 15(1) shows 
a binding/elutlon system; and 15(11) shows a competition 
system (p-pAb; ag=antigen to which binding by pAb Is 
required; c-competitor population e.g. antibody, pAb, 
ligands; s-substrate (e.g. plastic beads etc); 

45 d=detection system. ^ ■, j 

Fig. 16 shows the sequence around the cloning site 
in aene III of fd DOGl. Restriction enzyme sites are 
shown as well as the amino acids encoded by antibody 
derived sequences. These are flanked at the 5 end by 

50 the gene III signal peptide and at the 3' end by 3 

alanine residues (encoded by the Not 1 restriction site) 
and the remainder of the mature gene III protein. The 
arrow shows the cleavage site for cutting of the signal 
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sites in the phagemid pHBN. 

Fia.18. The antibody constructs cloned into fd-DOGl 
and pHBNl for display on the ^urface of phage- 

5 Const^cts I, II, III and IV we^^°i°"Sf SfiT-nltl 
DOGl (as ApaLI-NotI fragments) and pHBNl (as Sfil Noti 

fragments) and pHENl (as Sfil-NotI ^f^f^*? ^ . ^^^^^ 
constructs contained the heavy chain 

(VK) variable regions of the mouse ap^^-f^^ ^fe*^?*^^ 
10 NQIO.12.5. The constant domains were human CK and CHi 
(y 1 isotype). 

Fig- 19. Three ways of displaying antibody 
fragments on the surface of phage by fusion to gene III 
15 protein. 

Disclosed here are methods for P'^Par^?^ ^^^^ 
diverse libraries of antibody heavy and l^S^*^^!^'^; 
and light chains are cloned on separate replicons 

20 JS^fi^iSSl antibody produced by P««l-^f°f3^J^SS 
assembly of heavy and light chains in vivo or ^ yxtrg 
surtx ttet the final number of combinations ^^^^^.""f.^^t 
nSer of heavy chains multiplied by «»® ""^'^ °^Jf f[^* 
ctoSa. Such a format is also convenient for chaxn- 

25 shuffling, mutagenesis, humanising and CDR '*»P^"^f"9 ,; 
SSe metiiods cin also be applied to othear P"^^ 
which two or more different subunits assemble to create a 
functional olig<M»er. 

30 The first functional antibody molecules to 

expressed on the surface of filamentous phage were 
sSJfiSiain Fv's (scFv), *^"«?J^^^a^ 
liggt chain ---^^^J^^iJ^^^'-l Se^le 

35 ^^l^' ^S.^ST%^n 'Itrttegies have also 
blln successful. Monomeric Fab ?T 
displayed on phage if one of the chains (heavy or lij"*) 
is f usS^to g3 oSpsid protein and the <=«»Plementary chain 
^rted to «ie periplasm as a soluble JJf^^? 

An o^Ans can be encoded on the same or on different 

important point is that «.e two ^^^oOy 
chains assemble post-translationally . ^^^^1 "^T oil 
incorporated into the phage particle via Ixnkage of one 

of the chains to g3p. 

More recent cloning experiments Pf^gf^S 
with 'phagemid- vectors which have oa. 100-fold high^ 
SSsformation efficiencies than phage DNA. These are 

plasmids containing the i^^^e^f "9^°" 
50 iilamentous phages which enables single-stranded copxes 
of the phag^d DNA to be produced, and packaged into 
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them are infected with 'helper* phages providing the 
phage components in trans . When phagemids contain glll 
fused to an antibody gene (e.g. pHEN-1), the resulting 
fusion protein is displayed on the phagemid particle 
5 (Hoogenboom, H.R., A.D. Griffiths, K.S. Johnson, D.J. 
Chiswell, P. Hudson and G. Winter. (1991). Multi-subunit 
proteins on the surface of filamentous phage: 
methodologies for displaying antibody (F^) 
light chains. Nucleic Acids Res > 19 (15), 4133-4137). 
10 Considerable progress has been made in developing 
efficient strategies for cloning antibody genes, a factor 
which becomes most important when dealing with large 
numbers of different antibody fragments such as 
repertoires. 

The cloning vector fd-DOG--l was used in early work 
with phage antibody repertoires in which scFv fragments 
were derived from s^^leen m RKA of mice ImmunlsBd wilJi the 
hapten oxazalone (Clackson, T., H.R. Hoogenboom, A.D. 

20 Griffiths and G. Winter. (1991)- Making antibody 
fragments using phage display libraries. Nature 352 624- 
628); VH and VL domains were separately amplified then 
linked at random via a short DNA fragment encoding the 
scPv linker peptide to produce a library of approximately 

25 10^ different clones. This was panned against the 
immunising antigen to select combinations of VH and VL 
which produced functional antibodies. Several binders 
were Isolated, one in particular having an affinity not 
far below that of the best monoclonal anitbodles produced 

30 by conventional hybridoma technology. 

In a mouse, at any one time there are approximately 
lO^ possible H chains and 10^ possible L chains, making a 
total of 10^^ possible VH:VL combinations when the two 
35 chains are combined at random (these figures are 
estimates and simply provide a rough guide to repertoire 
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ww^j * *w r latlons. It is 

likely *that good affinity antibodies were isolated 
40 because the spleen cells derived from an immunised donor, 
in %rtiich B cells capable of recognising the antigen are 
clonally expanded and producing large quantities of Ig 
mRNA. The low library complexity in this experiment is 
partly due to the intrinsically low transformation 
45 efficiency of phage DNA compared to plasmid (or 
phagemid ) . 

Marks et al. (Marks, J.D. Hoogenboom, H.R., Bonnert, 
T.P., McCafferty, J., Griffiths, A.D. and Winter, G. 
50 (1991) By-passing immunization: Human antibodies from V- 
gene libraries displayed on phage. J.Mol.Biol. 222, 5B1- 
597) and PCT/GB91/01134 describe construction of an 
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antibody repertoire from uninmunised humans cloned in the 
phagemid pHEM-1. This library, consisting of 3.10 
cloSes has so far yielded specific 

different antigens. These antibodies have the moderate 
5 affinities expected of a primary immune response 
demonstrating that usable antibodies to a range of 
structurally diverse antigens can indeed be isolated from 
a single resource. 

10 New binders can be created from clones ifo^^ted from 

phage antibody libraries using a procedure called chain- 
Shuffling' . in this process one of the .^^J-"^ ^ 
fixed and the other varied. For example, by fi^^^S. 
heavy chain from the highest affinity mouse anti-OX^^e 

15 antibody and recloning the repertoire of light chains 
alongside it, libraries of 4.10^ were constructed. 
Several new OX-binders were isolated, and the majori^ of 

w=j n^t,*- «K«4«« •»-h«i+- wor-o rJistlnct froffl thosc 
these had light c n a*... . m>,„^„ 

first isolated and considerably more diverse. These 
20 observations reflect the fact that a small library is 
sufficient to tap the available diversity when only 
chain is varied, a useful procedure if «»® 
library was not sufficiently large to contain the 
available diversity. 

25 

The size of the library is of critical importance. 
This is especially true when attempting to isolate 
antibodies from a naive human repertoire, but is equaixy 
relevant to isolation of the highest affinity antibodies 
30 from an immunised source. 

It is clear that while phage display is 
exceptionally powerful tool for cloning and selectxng 
^tlbody geiis, we are tapping only the tiniest f"ctxon 

35 of the potential diversity using existing tec*mology. 
Transformation efficiencies place the greatest 
on library size with lO^ being about the J-^* "^^^^ 
current methods- Rough calculations suggest t^at this is 
several orders of magnitude below the target efficiency, 

40 more rigourous analysis confirms it. 

Perelson and Oster have given theoretical 
consideration to the relationship between size of the 
immune repertoire and the likelihood of generating an 
antibody capable of recognising a given epitope with 
greater than a certain threshold affinity, K. ine 
relationship is described by the equation: 



45 



50 



P=e-N(PtKl ) 

where P= probability that an epitope is not 

recognised with an affinity above the threshold 
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value K by any antibody in the repertoire. 

N= number of different antibodies in the 
repertoire. 

5 

and p[K]« probability that an individual antibody 
recognises a random epitope with an affinity 
above the threshold value K. 

10 In this analysis p[K] is inversely proportional to 

affinity^ although an algorithm describing this 
relationship precisely has not been deduced. Despite 
this it is apparent that the higher the affinxty of the 
antibody, the lower its p[K] and the larger the 

15 repertoire needs to be to achieve a reasonable 
probability of isolating the antibody. The other 
important feature is that the function is exponential? as 
J- I a anisll chanae in librsri' size can have 

either a negligible or a dramatic effect on the 

20 probability of isolating an antibody with a given p[K] 
value, depending upon what point on the curve is given by 
the library size. 

The applicants have realised that the limitations of 
25 transformation efficiency (and therefore the upper limit 
on library size) can be overcome by efficient methods of 
introducing DNA into cells. In the preferred 
configuration, heavy and light chain genes are cloned 
separately on two different replicons, at least one of 
30 which is capable of being incorporated into a filamentous 
particle. Infectious particles carrying one chain are 
infected into cells harbouring the complementary chain; 
infection frequencies of >90% can be readily achieved. 
Heavy and light chains are then able to associate post- 
35 translationally in the periplasm and the combination 
displayed on the surface of the filamentous particle by 
virtue of one or both chains being connected to g3p. For 
example, a library of 10^ heavy chains is cloned as an 
unfused population in a phagemid, and 10^ light chains 
are cloned as g3 fusions in fd-DOO-1. Both populations 
are then expanded by growth such that there are 10' of 
each heavy chain-containing cell and 10^ copies of each 
light chain phage. By allowing the phage to infect the 
cells, 10' X 10' = 10^^ unique combinations can be 
45 created, because there are 10^ cells carrying the same 
heavy chain which can each be infected by 10' phage 
carrying different light chains. When this is repeated 
for each different heavy chain clone then one ends up 
with up to 10^^ different heavy/light combinations xn 
50 different cells. This strategy is outlined in fig. 2, 
which shows the heavy chain cloned as g3 fusions on phage 
and the light chains expressed as soluble fragments from 
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a phagemid. Clearly, the reverse ^t^^l 
chains on phage, heavy chain on phagemid, xs also 



t:enable. 



5 In this configuration shown in fig. 2, f^-DOJ 

•rescues' the phagemid so that both phage phag^ 
is packaged into filamentous particles, and both 
?^es will haSr paired heavy and light chains on their 
SScT, despite having the genetic Inforination fcr on^ 

10 one of them. For a given antigen or epitope, tOie vast 
SSJo^ity of the heavy and light chain P?fjf^^,rf^^^^ 
non-funStional, so that selection °^ ^^Ji^^^"^ 
■fche effect of vastly reducing the complexity of the heavy 
%^ ^ain populations. A±ter «xe ^^^^^^t g 

It; soiediion the clones are re-assorted, in this exampxe ay 
iS^i^ fresh host cells and selecting for both 
tZ^TT^-Zy .«4^«- oamaral r"un<l8 of antiaen selection and 
iSSJ^^of 'SiTt;;^'iepli"c^.ns7the considerably reduced 
l^^Zd light chain populations can be ned onto the 

20 same^ repliocm and analysed by «»n^*io°f^ 

SShnical problem with this arrangement is so-called 
'!SSi?lrenS' between filamentous phage origins of 
reSfca^^ carried on different replicons as a result of 
SSSSon for the same replication 

nroblem oan be ameliorated by construction of 
^S^^ire^ce-resistant' mutants of eit*^ ^^^2^^ 
phagemid origins (Johnston, S. and Ray, ^•^•^^^^^^ 
between M13 and oriMlS plasmida mediated by a 

renlication enhancer sequence near the v^^al strand 
30 SigiS! (T984) J.Mol.Biai. 177, 685-700) or JhfO-Sj 
SnScSl of cS,py number e.g. by replacing the origin^ 
SSSble-stranded replication on the Phagemid i^^^f 
feom filamentous phage intergenic region) with 
Sr^anjoe, a tSnperature sensitive runaway ^eplxcon. 
Tn tMs^v the copy number of the resident phagemid can 
S to ^mise interference so Jt»«\Sowlf ?o 

can establish, then the phagemid copy number allowed to 
increase for espression of the antibody. 

40 Alternatively, only one of the two '^Pji^^^^^SJ^, 

capable of being packaged into a filamentous Pff^icle- 
Such a strategy is outlined schematically in fig. 3 and 
Sduced to pr^ice in example 2. A library of light 
SSSf is° c^loned in the plasmid PUC19 «id the^^f vy 

dS chains are expressed as g3 fusions m fd-D06-l. There is 
S'^ntSe^Jnce in this case since ^^^^ .'^^f.^^SS 
mechanisms are distinct. The main operational difference 
here is that the process results in selection of , in this 
tl? best i^avy chains; the light oha^f^ ^^^^Jf! 

50 Son^d. The appropriate light chains are isolated lat^ 
SeS «ie selecSId heavy chains are cloned together with 



37 



40 



selected conventionally. 

Aaain, this principle can be translated into an 
array of alternative formats with different combinations 
5 of vectors, chains and gS fusions as shown in figure 4. 

Another configuration is to clone the heavy chains 
as g3 fusions on ohage and add purified light chains in 
vitro, as shown in fig. 5. These chains are partially 

10 denatured by the addition of GuanidUae hydrochloride to 
5M final concentration, then the danaturant dialysed avmy 
so that heavy and light chains assemble to create 
functional antibody combining sites on P*»»9^„^"^5fff ' 
which can then be selected on antigen and the approprxate 

15 heavy chain phage isolated. If necessary, the selection 
can be repeated with fresh light chain. Appropriate 
concentrations of other denaturants such as urea or 
Potassium isothiocyanate will also prove effective. 
Having operated this procedure, one is left with a vastly 

20 reduced population of heavy chain genes which can then be 
cloned together with the light chain repertoire, 
preferably on the same replloon. The soluble chain can 
be produced by recombinant DMA technology, one or more 
monoclonal antibodies or from serum antibody. The 

25 reverse configuration, i.e. light chain on phage in 
coni unction with soluble heavy chain, or fragments of 
heavy chain, is also tenable. Also 
alternative methods of linking heavy and light chains 
which could be linked for example, by chemical 

30 modification. 

So far the procedures described work on the 
principle of first reducing the complexity of the 
repertoire with possible subsequent recloning one or both 
35 chains of the reduced population. Alternative methods 
enabling both chains to be cloned on the same replicon 
with high efficiency have also been devised. These again 
rely on cloning heavy and light chain genes on separate 
replicons, but this time with the aim °* P^°™°*^"9 
recombination between the two vectors so that both chains 
are placed on the same replicon. A schematic is shown in 
fig. 6 in which the recombination system is based on the 
lox P/Cre recombinase system of coliphage Pi (Hoess, R.h. 
and Abrems ki, K. (1990) The Cre-lox recombination ^stem. 
45 In 'Nucleic acids and Molecular Biology'. Eckstein, F. 
and Lilley, D.M.J, eds. Vol 4, pp99-109, Springer-Verlag 
Berlin, Heidelberg). Cre-reoombinase catalyses a highly 
specific recombination event at sequences called lox. lox 
P the recombination site in phage PI consists of two 
50 TSbp inverted repeats separated by an 8bp non-symmetrical 
core (fig.6). m the configuration detailed m fig. 6 
soluble light chain is cloned onto a phagemid containing 
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a single lox P site. The heavy chains are cloned onto a 
plasmid as 3g fusions. Alongside the g3 fusion is the 
gene for a selectable marker, and the 
heavyc3hain/g3 /marker sequence flanked by two lox P sites. 
5 This plasmid also contains the Cre recombinase on a 
regulatable promoter and has an origin of double-stranded 
replication that is compatible with that on the phagemid 
in addition to that on the helper phage e-g- pl5A, RSF 
1010 and col El origins will co-exist in the same cell. 

10 The phagemids are then infected into cells containing the 
donor plasmic and the tte recombinase promoter induced, 
so that recombination between the lox P sites occurs 
inside infected cells. Some of these recombination 
events will lead to the heavychain/gS /marker sequences 

15 transferring as a block onto the phagemid at its single 
lox P site. Phagemids are then rescued with a helper 
Dhaoe such as ^a3K07 and the resulting phagemid particles 
ei«ier directly selected on antigen or infected into 
fresh host cells and grown with selection for the 

20 presence of both markers; one from the phagemid itself 
and the other from the heavychain/gS/marker block. 

The use of site-specific recombination to bring 
genes onto the same replioon may be extended to creation 

25 of a continuous coding sequence on the same replicon, for 
example to construct single-chain Fv molecules. There is 
a single open reading frame in the loxP sequence that 
could be incorporated into an scFv linker which would 
then be a substrate for Cre-catalysed site-specific 

30 recombination. Placement of such modified scFv linker 
sequences at one or both ends of the genes to be fused 
can then result in creation of continuous open reading 
frames in vivo or in vitro when Cre recombinase is 
provided. 

35 

The strategy can be refined further if the Cre- 
catalysed recombination takes place in a polA strain of 
bacteria, preferably E.coli or other gram negative 
bacterium; these cells are deficient in DNA polymerase I 

40 and are unable to support replication of plasmids 
(Johnston, S. and Ray, D.S. 1984, supra). However, they 
are able to support replication of filamentous phage and 
plasmids containing filamentous phage intergenic regions. 
By selecting for the presence of both selectable markers 

45 in the same pol A cell, successful recombination events 
are enriched, since recombination must take place for the 
second marker gene to be replicated and expressed. The 
resxating cells are now the complete repertoire and can 
be propagated as cells and infected with helper phage to 

50 produce phagemids containing the genes for both chaxns 
and expressing them on their surface. 
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Other general and/or site-specific recombination 
mechanisms could also be used to effect the same outcome 
(In "Escherichia coli and Salmonella typhimurium. 
Cellular and Molecular Biology." (1987). ppl034-1043, 
5 1054-1070. Neidhart, F.C. Editor in Chief. American 
Society for Microbiology). 

It will be apparent that the concept of using two or 
more replicons to generate diversity is not confined to 

10 display on the surface of filamentous bacteriophages. 
For example, bacteria could be used as the replicable 
genetic display package. For exaiqile, Fuchs et al. have 
shown that functional antibody can be displayed on the 
surface of E.coli by fusion to peptidoglycan-associated 

15 lipoprotein (Fuchs, P., Breitling, F., Dubel, S., 
Seehaus, T and Little, M. (1991) Targetting of 
recombinant antibodies to the surface of Escherichia 
coll: fusion to a peptidogiycan associated lipoprotein. 
BioTechxxology 9, 1369-1373). Klauser et al. describe 

20 transport of a heterologous protein to the surface of 
E.coli by fusion to Neisseria IgA protease (Klauser, T., 
Pohler, J. and M^rer, T.F. (1990) Extracellular transport 
of cholera toxin B subunit using Neisseria IgA protease B 
domain: conformation-dependent outer membrane 

25 translocation. EMBO 9, 1991-1999). Other surface 
proteins such as pili, ompA or the surface-exposed 
lipoprotein Tra T could also be used, and gram positive 
organisms such as lactobacilli and streptococci employed. 
Cloning and expression in Eukaryotic organisms is also 

30 contemplated « 

Alternative cloning strategies are possible when 
cells are used in place of phage. For example, replicons 
can be introduced into the cells by conjugation, in 
35 addition to transformation and infection. Moreover, one 
or more genes can be incorporated into the chromosome 
reducing the limitation of having to use compatible 
replicons. 

40 The polycombinatorial concept is also particularly 

advantageous for mutagenesis experiments by allowing far 
greater numbers of mutant progeny to be produced. 

The applicants have realised that the 
45 polycombinatorial concept is applicable to multimeric 
proteins other than antibodies, such as T cell receptors, 
CD3 and insulin receptor. Libraries of proteins having 
more than two different and diverse subunits can be 
created by, for example, more than one cycle of 
50 infection. Cells containing one of the subunits are 
infected with phage containing the second subunit and the 
resultino population infected n second time with a 
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compatible phage carrying the 1:hird subunit. 

In some cases, it is advantageous to express two or 
more component polypeptide domainns of a multimer as g3 
5 fusions. This will have the benefit of stabilisxng weak 
interactions between separate chains or stabilising 
polypeptide domains which interact weakly, or polypeptide 
domains which only associate in the presence of ligand. 

10 The numbers of combinations possible with the 

polycombinatorial approach is limited only by the timber 
of clones present in each of the repertoires, and, in the 
specific instance of using phage supplying one cAain to 
iSf ect cells containing the other, by the "^"^^^ of 

15 phage and cells that can be produced. '^l^^JJ^®. 

eonhisticated methods, for example fermentation 
technology, will allow even greater numbers of 
combinations to be accessed. 

20 PCT/W091/17271 filed by Affymax Inc. describes the 

expression of antibody heavy and light chains but does 
not indicate that Infection of cells harbouring one 
replioon with phage harbouring another replloon allows 
libraries of greater size to be constructed. Neither 

25 does it describe the selection process for selecting an 
antibody fragment of interest using the two replicons. 
They only conten^Hate double selection to maintain the 
two chains together in the same phage °^ ^^^^^i"^' 
which, in Idle format they describe, wiU limit the size 

30 of the library %rtiicii can be constxructed. There is no 
indication that with heavy and light chain libraries on 
separate vectors, the heavy ande light chains would get 
reshuffled, or how to identify the desired combination. 

35 A key difference over previous approaches is tiie use 

of separate sources of heavy and light chains and the way 
in which they are combined to produce libraries of 
Greater diversity. The applicants provide methods for 
the construction of such libraries and te^ how heavy 

40 and light chain libraries may be combined to Pi^o<i"p® 
enormous numbers of functional combinations, and means by 
which desired combinations may be selected and isolated. 
The key advantage is that libraries constructed this way 
can be several orders of magnitude larger than has 

45 previously been possible. Where two replicons are used, 
they can be any palrwise combination of phage, phagemid 
and plasmid, in all cases with the antibody chains 
expressed as soluble fragments or associated witti the 
phage capsid. At least one of the vectors is capable of 

50 being incorporated into an infectious phage-llke P^icle 
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fusion to g3p. Any of the above configurations can be 
used in novel humanisation/mutagenesis procedures. 

The "chain-shuffling" combinatorial approach Is a 
oarticularly useful embodiment of the present invention. 
One may take for Instance, a single heavy chain, or a 
restricted number of heavy chains from an antibody known 
to have the desired antigen specificity of even from a 
repertoire of antibodies from human or animal immunised 
with an antigen of Interest, and combine a population of 
such chains with a, perhaps very l*"^®' 9?*Jf 
diverse population of, in this Instance, light ci«ins 
fused to a rgdp component. The light chains would be 
expressed from nucleic acid capable of being padcaged in 
a radp. One would then select for rgdps which each a 
display light chain with an associated heavy chain 
formina an antibodv soedfic for an antigen of Interest. 
Such TOdps would eadi contain nucleic acid encoding a 
light ^aln. Light chains of the restricted population 
so selected would then be combined with a genetically 
diverse population, perhaps a very large population, of 
heavy chains fused to a rgdp component and expressed from 
nucleic add capable of being packaged in rgdps. A 
second round of selection for rgdps displaying specific 
25 binding pair members specific for the antigen of interest 
would yiel'd a restricted population of heavy chains 
capable of associating with the previously selected light 
chains to form antibodies of the desired specificity. 

30 This technique enables reduction of population 

diversity to an easily manageable level whilst sampling a 
very large number of combinations. Nothing in the prior 
art approaches this . it may be used advantageously in 
the humanisation of antibodies isolated/purified from a 

35 non-human animal source. 

The following examples illustrate how these concepts 
may be put into practice. It will be evident to those 
skilled In the art that many variations on these themes 
40 will produce satisfactory results. The following 
exemplify the concept by way of illustration only and not 
by way of limitation. 
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Exan«,le 1: Rescue of phagemid with phage fd-DOG-1. 

in this example, the concept of using a P^age to 
in t;iu.s» ««iu»h «, -tested using model 

'rescue' a phagemid (fig 2) is resrea us. y 

5 chimaeric antibody. 

one chain is expressed in pUCl9,pUC119 pHEN-1 as 

Cloned on fd-DOG-i as a r^TIr1Q in which the 

cysteine resiuuBs.^ haaw chains, have been deleted 

fSS^ ,S S^trclS;^ is Shown in fig. 7. 

c^ain on P^fS't' » i-Mot I fragments were also cloned 

polyliW batmen "Ih SSSS 

^° "-^^ WmJ^ I siUl. 'These olo«» ere 

of the constructs were transformed into E.coli TGi. 

These cells are then 'rescued' with fd-DOG-1 phage 
carrjnrthrpartner chain as a g3 -^^.^S 
SSSphagemid population assayed for phOx bxndxng in 



EIiISA. 



Tr, examole sections a) to g) describe 

45 oreparition"%f pTa'L^d, phagemid and ophage clones; 
45 P'^fPfffj^^?^ show the effect of using phage to 

SSSflhi^ oi' P?i^. and the effect that has on 

antibody expression. 
50 a) PCR aii5)lification of heavy and light chains 
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template for PCR amplification. Four separate PGR 
reactions were set up, with the following pairwise 
combinations of primers (TABLE 1): 

5 Heavy chain fd-DOG-1 phage: VHIBACKAPA & FABNOTFOH 

Heavy chain pHEN-1 phagemid: VHIBACKSFI & FABNOTFOH 

Light chain fd-DOG-1 phage: MVKBAAPA & FABNOTFOK 

Light chain pHBN-1 phagemid: MVKBASFI & FABNOTFOK 

10 PCR reactions contained lOmM Tris-HCl(pH8-3 ) , SOmM 

KCI, 1.25mM each dNTP, 2.5mM Mg C12, 0.01% gelatin, 0.1 
unit/ul Tag polymerase ( Cetus/Perkin Elmer), imM eacn 
primer and Ing of template DNA. PCR was carried out in a 
Techne PHC-2 thermal cycler (Techne, Duxford, Cambridge 

15 U.K.) using 25 cyles of 1 minute at 94«C, 1 minute at 
50*0 and 2 minutes at 72*C. 

b) Digestion of PCR fragments 

20 The resultant products were extracted with 1:1 

phenol : chloroform then ethanol precipitated as described 
in Sambrook et al. (Sambrook, J., Fritsch, E.F. and 
Maniatis, T. (1990) "Molecular cloning-a laboratory 
manual" . Cold Spring Harbor Laboratory, New York. ) , and 

25 pelleted DNA redissolved in 35pl water. Restriction 
digest wer^ normally carried out in 100- 200iil volumes 
with 0.3-0.4 units enzyme/»il (volume of enzyme added not 
to exceed l/20th of the total reaction volume) using 
conditions recommended by the manufacturer, and in the 

30 buffer supplied by the manufacturer. Digestion with 0.4 
unlts/ul Not I enzyme (new England BioLabs) was carried 
out in ISOfxl volume according to manufacturers 
instructions and in the buffer provided by the 
manufacturer for Shrs at 37 'C. The products were 

35 phenol: chloroform extracted and ethanol precipitated once 
more and digested either with ApaLI or Sfi I. Apart from 
the Apa LI digest of the VHCHl Apa LI-Not I fragment (see 
below), digestions were carried out using 0,4 units/iil 
enzyme in a total of ISOjil according to manufacturers 

40 instructions (New England BioLabs) and in the buffer 
provided by the manufacturer. Apa LI digests were 
carried out for 3 hrs at 37'C, Sfi I for 3 hrs at 50'C. 

The Apa LI digest of the VHCHl Apa LI-Not I fragment 
45 had to be a partial due to the presence of an int^al 
Apa LI site- This was achieved by digestion with 0.04 
units/pl Apa LI for 1 hour and the full-length fragments 
isolated from an agarose gel ( see below ) . 

50 c) Purification of DNA fragments 
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reduce their volume then run on Pi^«P|^^|^^„f 
Melting Point agarose/TAE { Tria-Acetate EDTA) 9^1^^ 
ca. 700bp bands excised and the DNA P^"^^^ 
using a geneclean kit in accordance with the 
5 manufacturers instructions (Bio 101, J;^^/°^^^' 

?jrifo?Sia, USA). DMA fragments ^^^.''^IZ^aL^ H 
(lOmM Tri4-HCl (pH 8.0), O.lmM EDTA) and legated to 
prepared vector (sections d and e). 

10 d) Preparation of vector DHA 

lOpg caesium chloride-purif ied f d-DOG-1 was dige^^^ 

15 were digested with Sfi .r^.^',,^^ ^ Following 

nnnditlons as those described in b) ™^ '°J^t" ^ 
digestion and ethanol precipitation, ve«or 
phSsphatased with 1 -^^^^^-J^./^^.^^JJ^S^^^^ 

aSed and the incubation repeated. For^ pi of water^ 
lOul of lOx STB (lOx STB is lOOmM "^^^^7^^^ ' J^J^ ^1' ^ 
25 NaS, lOmM EDTA) and Spl 10% SDS was th^ ?f i^aSivSe 
mixt^e in^mbated at 68-C for 20 

the phosphatase. The mixture was "iLfoS 
brief Iv and extracted twice with 1:1 phenol: chloroform 
eth^ol ^clpitated as described in Sambrook et al. 
30 (1989, supra). 

e) Ligations 

The following ligations were set up: 

PUC19 Sfi I-Not I +VHCH1 Sfi I-Not I 
PUC119 Sfi I-Not I +VHCaCl Sfi I-Not I 
pHBN Sfi I-NOt I +VHCH1 Sfi I-Not I 
pHBN Sfi I-Not I +VLCL Sfi I-Not I 
40 fd-DOG Apa LI-Not I +VHCH1 Apa LI-Not I (P^^j^^^ ^ 

fd-D06 Apa LI-Not I + VLCL Apa LI-Not I 

For each, the following ligation reaction was set 
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* 10 X NEB-Ligation Buffer 1 1*^ 

* water _ ||, 

* Digested vector (30 ng/uD f H^- 

* Digested PGR fragment (20-50 ng/|il) 1 »il 
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* T4-DNA ligase (400 units/pl, NEB) 1 lil 
3. Leave for 2 hrs at 25"C or overnight at 16 'C. 
5 4. Transform into E.coll (see below). 

Note* 10 X NKB-Ligation Buffer is 0.5M Tris-HCl, pH 

' 7.8, 0-lM MgCl2. 0.2M DTT, lOmM rATP and 500 

pg/ml BSA. 



10 
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f ) ElecrCxoporatlon Into TGI or HB2151 



1. Thaw a vial of ©lectroporation-compotent bacteria on 
ioe. For soluble expression of antibody fragments 
15 from pHENl, the non-suppressor strain HB2151 is 

used. For the others, TGI is used. 

2 Transter Dupx cexxs w a yi^tsx^Aj.^^^^ w.-.^. w***ww^.- 
(Biorad), add 2 |il ligation mix, shake to the bottom 
20 and sit on ice for 1 min. 

3. Set up the Gene Piaser (Biorad) to give 25 pF, 2*5kV 
with the pulse controller set to 200 ohms. 

25 4. Drv the cuvette with tissue and place in the 

electroporation chamber. 

5. Pulse once (should yield a pulse with a time 
constant of 4.5 to 5 msec). 

6. immediately add 1 ml of SOC (fresh) to the cuvette 
and resuspend the cells. 

7. Transfer to disposable culture tube, and shake for 1 
35 hr at 37*C. 

8 Plate fractions on 2YT agar plates containing 100 
ug/ml ampicillin, 1% glucose for pHEN and pUC 
replicons or 2YT agar plates containing 15pg/ml 
40 tetracyclin for fd-DOG. 

Note 1: SOB is 20g Bacto-tryptone, 5g Yeast extract and 

0.5g NaCl, in 1 litre. 

SOC is SOB with 5ml 20% glucose, 1ml IM MgCl2 
45 and 1ml IM MgS04 added per lOOml* 

2yT is 20g Bacto-tryptone, lOg Yeast extract 
and 5g NaCl, in 1 litre. 

Note 2: To increase transformation efficiencies the DNA 

50 in the ligation mix can be purified by 

extracting with phenol, phenol-chloroform and 
other Rthanol precipitating and resuspending 
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in water. Alternatively samples can be 

cleaned up using gene°\««" fi?d if thl^ 
Efficiencies will go up 10-100 fold if tftis 

purification step is included. 

The desired clones were screened by PGR f^^^ 

primers used to clone the «^a3?«°*«^jSL:^ua oaSSS 
Confirmed by DNA sequence analysis. 
were then produced from these clones (see below). 

g) Preparation of fd-DOO infectious phage particles 

1. inoculate colony of bacteria ^f^^^^^J,^^ 
ZYT broth containing 15 ng/ml 

Id 37 -c shakina for 20-24hrs. The yield of phage 

plrticf^^ould be about lO^O TU (transducing 

l^l of 8upemai;an1:« 

2. spin 8,000 r.p.m. for 10 min (or 4,000 r.p.m. for 20 
20 mln) • 

3. TO supernatant add VS^* volun« PEG/NaCl U^^^ PEG 
6000, 2.5M NaCl), leave 1 hr at « C. Spin 8,ouu 
r.p.m. for 15 min (or 4,000 r.p.m. for 30 min). 

4. Resusp'end pellet in a small volume of water and 
-transfer to eppendorf tubes. 

5. Spin down any remaining cells (5 min in microfuge). 

5. TO the supernatant add l/5th volume of PEG/NaCl. 

6. Remove supernatant and respin the pellet briefly. 
35 7. Aspirate off any remaining PEG. 

8. Resuspend the pellet in water I ^-Z.^OO^^ ^f^srinal 
^umT^ cultuS and respin 2 min 
remove residual bacteria a^^^ agglutinated phage. 
Filter through 0.45pm sterile filter (Minisart NML, 
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Sartorius ) . 



9. Store the filtrate at f'C. The concentration of 
phage should be about 10^-^ TU ml"-^. 

h) Infection experiments 

preliminary experiments using fd-DOG P^a^e to^fect 

pHEN-1 suggested that there is i"^^^^*;!,^^^^!,!?^ 
two vectors because both carry a filamentous phage 
Sl?ergt«ic region, causing competition for the same 

iiix;ex-yexii.»- ^.^^^.w , .,,^^^-1 rT.ort+ v^ol confirm 
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TGI cells, either untransforined or harbouring PUC19, 
PUC119, PUC19 NQIO.12.5 chimaeric VHCHl and pUC119 

5 NQIO.12.5 chimaeric VHCHl were "S^^^^y-"^ .^^'^f^^^^^f^ 

37 in 2YT medium, without antiboitic for TGI or 
containino lOOug/ml ampicillin and 1% glucose for the 
?SSSiS;Sts oilturSTwere then d/luted^^ contain ca^ 
108 cells/ml using the approjcimation O.D.goo 
10 colony forming units (cfu)/ml, and fd-DOG triage added to 
3.10^ tetracycline resistmuse tr^*icing 
assayed on TGI) per ml. After incubation at 37 C for 30 
minutes, dilutions were plated on 2YT 

15ug/ml tetracyclin and 1% glucose and incubated a^JJ C 
15 ov^ght to give the number of suocessful infectiOT 
events (onumber of tet^ colonies). The result is shown 
^Sciirri^ fia.lO. There is little diff«conae in 
^it^i when* fd-DOG phage infect TGI cells or TGI cells 
containing pUC19- the titre is equal to the number of 

20 input cells (since in this ^^^^2.J^^r.^^l^ 

eacoess). However, when the host cell cont^ns pUC119 (or 
anr vector based on pUC119) the number of healthy tet' 
Solonies (2-3mm diameter) is reduced oa. ^^-^^W |^ 
there are now numerous tiny colonies (0.3 -0.5mm 

25 diameter). These small colonies do not grow in liquid 
culture with tetracycline, and, as the n«»ber of 
small+large colonies-input number of cells it is believed 
that they^are infection events in which the phage has not 
established . 

^° The presence of an antibody heavy chain in pUC19 or 

PUC119 has little effect on yield of tet»^ colonies after 
infection with fd-DOG. Similar interference is observed 
when M13 is substituted for fd-DOG and the number of 

35 successful infection events assayed by Pl^que niOTb^ 
(fia.lO). The ability to recover functional antlljody on 
the surface of phage was then tested - sections i and J 
below. 

40 1) Rescue of Fab phage 

The following rescues were set up; all chains are 
NQIO.12.5 chimaeras: 

45 pUC19 Heavy chain X fd-DOG-Light chain 

PUC119 Heavy chain X fd-DOG-Light chain 
pHEN Heavy chain X fd-DOG-Light chain 
pHEN Light chain X fd-DOG-Heavy chain 
pHEN Light chain X fd-DOG-Light chain 

50 pHEN Heavy chain X fd-DOG-Heavy chain 
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containlna plasmid/phagemid with one of the two Fab 
con-caxnxng '^^'^ '^^^^^ -^.^ f,*- 37 "c in 2YT containing 
chains were grown overnight at J / ^ Glucose is 

lOOiig/ml ampicillin and 1% glucose ^ ^YT AG K Gluoos^^ 
used to repress the lac promoter ^^.^.^^^yf?^^ 
expression of the antibody gene. Yn^^oS 
diluted 1:100 into lOmls fr«sh 2yTAG in a 50^ 
polypropylene tube (Falcon) and S^^^^ f 9^to^ 
0 D Ann of 0.5 before adding concentrated fd-DOG phage 
^S;l2Sing ^ther^t*e ^^9" ^St^, ^^^^ SeSe 

fusions %o 1.109 ^^^-^^ 

Ssuspen^d i^ JoSis^reS^YT containing 100|ig/«l 
SSS??iin (xS glucose -> Induction) and grown with 
shaklnnr overnight: at 37 C- 

The next day, cells were P^l^^^^^^^^^^iJiSS!^? 
mf A noox a for 20 mins at 4*C, and the supernatant 
Ss4^^ Pre**"^ functional antibody by ELISA. 



25 1. coat plate (Falcon 3912) with lOOpl of PhOX-BSA 

(14:1 'substitution) per well at 10 pg/ml, in PBS. 
Leave overnight at room teoqp. 

2. Rinse wells 3x with PBS, and blc«Jc wilj 200 pi per 
30 well of 2% Marvel/PBS, for 2 hrs at d/ 

3. Rinse wells 3k with PBS, then add 25 pi 10% 
Marvel/PBS to all wells. 

35 4 Add lOOpl culture supernatant to the appropriate 

wells. Mix, leave 2 hrs room temp. 

5- wash out wells 3 times with PBS O-^f* ^"«^„20^ 
-h-lnAB with PBS. Add lOOpl sheep antl-Mi|3 
Ltl«^ Sluted 1:1000 in 2% Marvel/PBS into each 
well. Incubate at room temp, for 1.5 hrs. 

fi wash out wells 3 times with PBS, 0.05% Tween 20 and 
?^m2 wiS PBS. Pipette lOOpl of 1:5000 dilution 
of ^i-8hw ISG anybody (peroxidase-conjugated, 
Sigma). Incubate at room temp, for l.bhrs. 

7 Discard 2nd antibody, and wash wejls 3 times with 
PBS, 0.05% Tween 20 and 3 times with PBS. 

n Add one lOmg ABTS (2,2'-azino bis(3- 
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salt) tablet to 20ib1 50 mM citrate buffer, pH4.5. 
(50 mM citrate buffer, pH4.5 is made by mixing equal 
volumes 50 mM trisodium citrate and 50 mM citric 
acid ) . 

5 

9. Add 20pl 30% hydrogen peroxide to the above solution 
immediately before dispensing. 

10. Add 100|il of the above solution to each well. Leave 
10 room temp. 30 mins. 

11. Quench by adding 50|il 3.2mg/ml sodium fluoride. 
Read at 405mm • 

15 Note 1 ; 'Marvel' is dried milk powder. PBS is 5.84g 

NaCl, 4.72g Na2HP04 and 2.64g NaH2P04.2H20, 
pH7.2, in 1 litre. 

The result is shown in figure 11, where it can be 

20 seen that whether the resident replicon is a plasmid or a 
phagemid has a significant effect on the amount of 
antibody rescued by fd-DOG carrying the complementary 
chain. The signal generated frcmi cells carrying the 
heavy chain on pUC19 is ca. lOx that from cells cairrying 

25 this chain on pUC119 Krtien rescued with fd-DOG carrying 
the light chain. pHKN gives similar results to pUC119, 
when the heavy chain is expressed in pHEN and the light 
chain on fd-DOG, and vice versa. Although weak, the 
signal is specific since no antibody is produced when the 

30 incoming phage carries the same chain as that on pHEN. 
Clearly, the use of phage carrying one chain to rescue 
phagemid carrying the complementary chain does work, 
though the system would benefit from manipulation of 
phage or phagendd repllcons to alleviate interference. 

35 An alternative is to use a plasmid vector in conjunctxon 
with phage which will result in selection of Just one of 
the two chains. Such a strategy is used in example 2. 
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2: Po. 

in this example a human VH repertoire is cloned into 
£d-DOG carrying the human CHI domain of (CyI 

5 d^n) mSr^pertoire of light chains is cloned into 

^ ?SSJ Sf i/Not/polypyc plasmid as Sf i/Not 

separately into pHEN phagemid flanked by an Sf x site at 
one end and Aso and Not sites at the other. 

10 Fd-DOG heavy chain phage are used to 

DUC19 light chains and the resulting phage selected on 
I^tigen The heavy chain population is ^"fff„^\^^ 
Sy ^ PCR-amplified with primers ^^'i^^'^.Jf^l 
2d St I sites and these fragments cloned alongside ttie 

15 SL?2ti light chains in pHEN P*»^9«»if • ^^J^ 

both chains are now on the same repllcon and can ^e 
sSSciS siffiiSSnsously with antigen after rescue with 
helper phage. 

on The VH domains used in this example derive f rom igM 

° but i^c^SneHTlgGl fd (i.e. VHCHl) fragments without 
the c-terminal cysteine. 

saetions a and b below describe construction of an 
25 fd-Dol^?^l:ive containing a human Cyl 

^^^thTSSiral Apa LI site has been ^^^^-J^^^ 
o to o cover preparation of the heavy and light chain 
;e^SiSJ sStSn f describes how ttese repertoires 
used to isolate specific antibody fragments. 

a) construction of AApa LI version of CHI 

rnns-fcruction of a A Apa LI version of CHI is 
descrJSI'^SSJf The construction ««SSi'\f^ 
35 since the primary purpose was ^^^^'^'^^-l^j^J^l 
nhagemld cloning vector, and removal of the Apa LI site 
in rai only one step in the procedure. The new phagemid 
SnSLS''??e AApa LI version of CHI was used as 
template in the next section. 

^° The naturally-occurring Apa LI site in the C^l 

domain was deleted by 'PCR mutagenesis' using partially 
cS^iry oligonucleotides that overlap around the 
Ar«r LI Site and change this sequence from GTGCAC to 
rTGGAC TWO PCR reactions were performed and the two 
?S^^ts Tln^ in » s«=°«'* PCR-splidng by overlap 
extension. 

TWO PCR reactions were set up as in example 1 using 
50 ROHXhS^CK in conduction with APAOUTFOR and APJ^^^' 
in^njuction with HUGICYSASCNOTFOR (Table 1). 

» T vH-j.. -nry-f-^ T v^nTVfTip Fab ba^ the same 
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human IgG CHI domain as pUC19 Fab NQIO.12.5 described in 
example 1. PGR conditions were as descrxbed in Example 
1 except that the annealing temperature was 55 'C and 
extension was at 72«C for 1 minute. The resulting 
5 fragments were purified for assembly as follows: 

1 To isolate small fragments for assembly-PCR, the 
PCR-mixes are collected in one tube and 
electrophoresed on a 2% LGT (low gelling 
10 teii?>Brature ) agarose gel with TBE buffer. 

2. These fragments are purified using SPIN-x columns 
( Costar ) . 

15 3. The gel slice is loaded into the cartridge of a 

SPIN-X column and frozen in dry ice for 10-15 min. 

4. Thaw txibe and repeat freezing step (optiooBi). 

5. Spin in a microfuge (appr. 13,000 r.p.m. ) for 15-30 
mln. 

6. Precipitate the filtrate by adding 1/10 vol. 3M 
sodium aceta-te, pH5.2, and 2.5 vol. ethanol. 

7. Chill 'on dry ice for 15 min, spin at 13,000 r.p.m. 
for 10 min at 4*C. 

8. Wash the pellet in 1 ml 70% ethanol and dry under 
30 vacuum. 

9. Dilute purified linker into 5 pi water or TE per 
original 50 pi PGR, and measure concentration on 
gel. 

35 

These fragments are then joined by PCR. A 50 pl PCR 
reaction is set up as before, this one containing 5 pi 
each fragment but no primers. The reaction is held at 
95-C for 5 mins, then cycled at 94*C 1 min, 68'C 1 min 

40 and 72 1 min, seven times. RJHXHOBACK and 
HUGICYSASCNOTFOR flanking oligonucleotides were 
added under the oil and the reaction cycled another 10 
times using the same conditions to amplify those 
molecules that have correctly assembled- The reaction 

45 product was phenol extracted and ethanol precipitated 
then digested with Xho I and Asc I and gel-purified, all 
under standard conditions. 
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A second fragment containing the entire glll leader 
Dlus polylinker of fd-D06 was also amplified. Fd-DOG DNA 
was amplified with primers G3LASCGTGBACK and fdseq, cut 

hr.^ r r,r>rt Not- T ;,nrt apl -Dtirl f led . all as descrxbed 
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in example 1. 

A 3-way ligation was set up with equimolar 

^ant?tiL"o¥ X.O %ot 4 ^j-' i2Sei;^?yii;S2 

' sjayst^^^ne^-iTti^^rJ^K^^^^ 

as described in example 1 and clones with ^^^.f^^^i 

(Sambrook et al. (1989) supra.) and a i^fP^vPf^J^^YT 
elSie csalled pJIM CvlglHL, which carries the Crfl domain 
wSS^S intei^ial Apa LI site has been removed. 

b) Insertion of CHI douin into fdDOG 

The AApa LI version of CHI was now u^^^ ^s 

template for construction of / V'?'^. , ^n 
20 confining the ^ do^^^ack^^ Apa^^^^^^^ 

Si^i^a^isuSJiS;^Jr^iS^ li9^* 

S™iSed%o 'l«£e by PCR With ^^X? epStSS^ 
This vector is now suitable for cloning of the repertoire 
25 of VH domains as Apa Ll-Sal I fragments. 

song of pJiM OrlglliL template DNA w^ ^^S^^^ 
in a SoIlL reaction using the °ont^*^T ™w^FOH 

.n ^JS^^rL-i^^A^^i.^-TKoT^'^^^^^ 
'° S^^^r "^SS iSm,^ 'S»e"i:-terminal cysteine. ca^ 
?nohn POR fraoment was then processed and digested with 
iS^I^d N^^ using conditions describe! ^°»Pl« 
Apa liJ. ™** " „ . T 4-aament was then cloned into the 
The Apa Ll-Not I ^'^^^^ I -cut f d-DOG DNA prepared 
35 preparation of Apa Li ana wor j. ^J- . ^ liaated 

for the experiments described in example 
and Smsi^wd into TGI using the same procedures. 

The seouence of the vector was verified by DNA 

(Sambrook J. et al, 19By, supra; ^z^^~^TZ.,^ , » mho 
way( example 1) using the primer fdseq (^ablf !)• ™e 

0 4 units enzyme/>a performed at 37 C in tne ouiret 
provided by the manufacturer (see example 1). 

50 c) Preparation of cDHA template 
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lymphocytes, was obtnined from 2 healthy volunteers. The 
white cells were separated on Flcoll and RNA was prepared 
using a modified method (Cathala, G. , J. ^^avour^ B. 
Mendez, B.L. Wear, M. Karin, J. A. Martial and J.D. Baxter 
5 (1983). A method for isolation of intact, 
transcriptionally active ribonucleic acid. DNA 2, 329). 
Three first strand cDNA syntheses were made as described 
by Marks et al (1991, supra) from RNA corresponding to 
2 5 X 107 B-cells, using an IgM constant region primer 
10 for the heavy chains, and a it or X. constant region prxmer 
for lis^t chains (Table 1). 

d) PGR of Heavy Chains 

15 TWO preparations of PCR-amplified VH genes were 

made. Both preparations used an equimolar mixture of the 
HUJHPOR primers (Table 1)? in one of the preparations, 6 
separate PCR amplifications were performea wxut eown 
the HUVHBACK primers individually (Table 1), and in the 
other, a single PCR reaction was performed wxth an 
equimolar mix of all 6 HUVHBACK primers. For all seven 
PCRs, 50 ul reaction mixtures were prepared containing 5 
ul of the supernatant from the cDNA synthesis using the 
HUIGMFOR primer, 20 pmol total concentration of the BACK 
25 primers, 20 pmol total concentration 

primers, 2S0 pM dNTPs, lOmM KCl, lOmM (1014)2804, 20mM 
Trls.HCl (pH 8.8), 2.0 bM MgC12, lOOmg/ml BSA and 1 yl ( 1 
units) Vent DNA polymerase (New England Blolabs). The 
reaction mixture was overlaid with mineral (paraffin) oil 
30 and subjected to 30 cycles of amplification using a 
Techne PHC-2 thermal cycler. The cycle was ^ for 1 
minute (denaturation), 57 'C for 1 minute (annealing) and 
72 'C for 1 minute (extension). The products were 
purified on a 1.5% agarose gel, isolated ^^J^^^^J^ 
35 Geneclean (Bio-101) and resuspended in 25 |il of HgO- The 
seven products were then pooled and 'pullthrough PCR 
reactions performed to attach Apa LI and Sal 1 
restriction sites. 

40 Pullthrough reactions were set up with "t^e primers 

HUVHBAAPA (equimolar mix of all 6 primers) and HU3HF0RSAL 
(equimolar mix of all 4 primers). 50ml reactions of 
containing 5pl of the pooled PCR products from the 
previous step were amplified using the same conditions as 

45 for the primary PCR except that 25 cycles of 
amplification were used. The resulting /figments were 

dlSested with Apa LI and Sal i i^r CHI aS 

fragments llgated to Apa LI and Sal I-cut fd-DOG CHI as 
previously described. The ligation mixes were Phenol- 
50 chloroform extracted prior to eleotroporation into TGI 
cells (example 1). Aliquots of the transformed cells 
oiai-prl or. 7YT ptanT implemented with 15 mg/mx 
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tetrat^clln and grown overnight at 37 'C. 
e) PCR of Iiigh-t Chains 

5 K and ;L-chain genes were amplified separately using 

an eiii^lar mixti» of the appropriate family based 
Srif^rJdForam^rai^riiiiers (Table 1). 1C -chain genes were 
^iSfd^^^thf'^ inthesis using 

SSTge^i ^ amplified ^^ th^ c^J^^^ 

the HUCLFORSER primer. In each case ^50|il J^ti^n 
15 mixtures were prepared containing 5pl of «^Pf^JSl 
from the appropriate cDNA synthesis, 20pmoi -^omx 
Iir"^»*°-4.fJu; «^ i-h« BACK nrimers, 20 pmol total 
^S;;^;i;^;^"of"the FORWARD pilmep ^SOf^^^^'^Vf 

on innmcr/ml BSA and lul (1 unit) venr uwa puxyiui=*o« V.., 
JSSiTBSLbs). She 'reaction mixture was overlai^^^^ 

SiSeral (paraffin) oil and ^i^^^°J° ^e^cJJ 
amplification using a Tebhne thermal %^^'/^^^^t 
was 94-C for 1 minute (denaturatxon), 57 C for 1 
25 TLnealing) and 72-C for 2.5 minutes (^^^^^i^ 
products were purified on a 2% agarose 

the gel by Geneclean (Bio-101) and resuspended in 25|a of 
H2O. 

30 Two different pullthrough reactions w®]^® 

perforS^ on each of ti.e two light <^^^P'^F^t^-^ 
?Sain genes were amplified in ^SySSf^i^^^'^i^t:? S 

ro"nrun^c%^orrith "'l^^-lr^l'S'fS^^^^^^ or 
35 HUdioRSBRNOT. X-chain genes were a^^o a^lifledinjj; 

reactions, using an equimolar '^^^^ "^^^^^ySSSS^^ 
nrimers in conjunction with either HUCIJFORSERte«-wui or 
^^RSBRNOT. Pullthrough conditions were Performed as 
primary light chain PCRs above accept ^5 
40 cycles of amplification w«« used ^1 4 PCR ^^odu^s 
were digested with Nco I and Not I "f^^f^ ^^V^rJ 
conditions as used Previously (exMple 1 «id abo^^ 

Those IC and X-chain genes amplified wi«^ ?^Sn- 
f oreward primers were inserted into Nco 
45 1 vector (prepared using the standard fo™^>' ^2 
amplified using the SERNOT foreward primers were ins^^ 

S;?o Nco I-iS? I-cut PUC19 ^^^/^^^^^^"-^"^^^ 
repertoires were electroporated 

Settiods as described in esample 1: thB ligation ^es 

50 Sere purified by phenol ^S^„%^oi 

precipitated. The ligated DNA was resuspended J-O^l of 
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15 



E coli TGI. Cells were grown in Iml SCX; for 1 hr and 
then plated on ZYT agar with lOOjig/ml ampicillin and 1% 
glucxjse (2YTAG) in 243 x 243 mm dishes (Nunc). Colonies 
were scraped off the plates into 10ml 2YTAG and 15% 
5 glycerol for storage at -70 "C as library stocks. 

f ) Selection of Antibody Fragaents 

The end result of sections a) to e) is the 
10 construction of two light chain libraries and one heavy 
chain library. The light chain libraries (VLCL) were 
cloned as Nco I -Not I fragmoits in both pHEN-1 and in 
PUC19 Sfi-NOt polymyc. The VH genes were cloned as Apa 
Ll-Sal I fragments in fd-DOG containing a human CHI (0^1) 
domain from which the natural Apa LI site has been 
deleted (fd-006 GlCHl). 

The process is now illustrated schematically in 
figure 13. The pUC19 heavy chain library is Infected 

20 with the heavy chain fd-DOG library and fd phage bearing 
heavy and light chain combinations on their stirface 
produced. These phage are selected on antigen (with 
rounds of reinfection of the light chain library and 
reselection an option) and the selected heavy chain genes 

25 amplified from the phage genome using PCR with primer 
G3LASCGTGQXCK and fdseq. 

The GSIASCGTGBACK primer anneals to f d DNA upstream 
of the start of the natural gS signal sequence and brings 

30 in an unique Aso I site and a ribosome binding site 
(RBS). Fdseq anneals at the 5' end of the structural 
part of g3 (i.e. downstream of the signal sequence 
cleavage site) which is downstream of the Not I site 
flanking the C-^l domain. The PGR fragments therefore 

35 contain: Asc l-RBS-g3 leader-VHCHl-Not I. When these 
fragments are cloned into the pHBN-1 light chain library 
as Asc I -Not I fragments, the heavy chain is fused to g3 
of pHEN-1 and the Not I site is flanked by the myc tag 
zmd an ^—h^T- codon. 



40 



Phagemid particles produced from these recombinants 
in a sup E strain not only bear heavy and light chains on 
their surface, they also contain the genes encoding both 
heavy and light chain. Selection on antigen one or more 
45 times will then result in isolation of functional heavy 
and light chain combinations. These clones can then be 
screened for antigen binding as soluble fragments when 
the phagemids are transferred into a non-suppressor 
strain such as HB2151. An efficient selection process 
50 would be particularly advantageous in this example. 
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Exaii«>le 3: Soluble Combinatorial Libraries 

In this example either the light chain or the fd 
fragnient of the h^vy chain (^-^1 ^HCHl) is expressed on 
5 phalTparticles and the oomplementary ^^^^^ P"''^^,^ 
soluble fragment. The mixture is Pa^ially toatured 
Sch that Se chains separate but ^^e domain^ don t 
unfold. The denaturant is then 

dialysis, allowing light and heavy chains to pacK 
10 toSeS^ so that tSw can be selected on ^f^^is^' 

Sect of this procedure is that the Population of one of 
Se two chains (whicShever is attached to tiie phage) is 

^tty Educed and can then be ^"fft'^^^h^iSl^? 
Spertiire of partner chains by conventional techniques. 

This approach is theoretically tenable: I-IO^^TU of 
t>haoe OKTvide ca. 10^2 heavy chains if one assimes 2-3 
Jnolicuies of heavy chain per phage ana 

produce a 10-fold underestimate of the absolute ff 
20 phage. One iig of a 25Kd light chain ±s 2.4. lO 
molecules- a 10-fold molar excess. 

Clearly, many variations on this theme are Possible 
once the nri^ple behind it is shown to »>e «jrrect. Fot 

25 S^lTtSe positions of heavy and light chains could be 
^Ssed aftd the chains themselves could ^e^i'^ 
iev^al different sources. For example hunan heavy 
^SrorSSTcould be mixed with light ?»«i"«/^/ 
soluble iS^ chain repertoire ^F^^^«^ .if-ifj^lii; 

30 Alternatively, the light chains could be purified from 

human serum. 

The following example demonstrates not only that the 
principle is val^Tbut also that the process xs 
35 surprisingly efficient - 

a) Pr^aratlon of Heavy Chain Phage 

VHCKL NQIO.12.5 in fd-DOG was that constructed in 
40 example 1. VHCHl anti-TNF in fd-DOG was J 
negSive control. This clone was oonstructed frw. a 
murine anti-Tumour Necrosis factor oonoclonal antx^y^ 
The VH gene of this antibody was PCR amplxf led and l^^Kej 
S f^, by PCR, to the human CHI i^y^\^^^ 
45 which the natural Apa LI site has ^ '^fif^^^^ 

example 2) and cloned as Apa LI-Not I ^^9^^.^ 
fd-DOG. These phage were grown and concentrated as 

described in exan^le 1. 

50 b) Preparation of soluble heavy and light chain 

MQIO . 12 . 5 
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These were prepared from the parental mouse 
monoclonal antibody NQIO.12.5. Culture supernatant was 
purified on protein A sepharose and concentrated to 
20fflg/ml by Amlcon ultrafiltration. This was then diluted 
5 with an equal volume of IM Trls pHS.O and 1/lOth volume 
of IM 2-mercaptoethanol added; this amount of 
mercaptoethanol Is sufficient to reduce the Interchain 
but not the Intra-chaln dlsulphlde bonds. After 1 hour 
at room temperatuine the free thiol groups were alkaylated 
10 by addition of 1/lOth volume 1.5M lodoacetamlde and 
incubation on ice for 1 hoiir« 

The separated chains were purified by gel-filtration 
on a Zorbax Biosleves GF250 TSK column (DuPont) connected 
15 to an HPLC (Gllson). Two hundred and fifty iil aliquots 
of the reduced mixture were run in 5M Guanldine HCl/20fflM 

Flow rate «= 0«5mls/mln; Fraction volume = 0.25mls; chart 
20 speed « lOmm/mln; detector range 2.0 (280nm); pressure 
« up to lOOOpsl; run time » 30 minutes. 

Peak fractions were analysed by SDS-PAGE and those 
fractions with pure heavy and light chain used In mixing 
2 5 experiments • 

c) Recombination of Chains 

The following mixes were set up: 

30 

NQIO.12.5 Heavy chain phage + Soluble NQIO.12.5 Heavy 
chain 

NQIO.12.5 Heavy chain phage + Soluble NQIO.12.5 Light 
35 chain 

NQIO.12.5 Heavy chain phage only 

anti-TNF Heavy chain phage -i- Soluble NQIO.12.5 Heavy 
40 chain 

anti-TNF Heavy chain phage + Soluble NQIO.12.5 Light 
chain 

45 anti-TNF Heavy chain phage only 

In each case, 1.10^^ T,U. of phage were mixed with 
25pg, lOpg, 5pg or Ipg of purified soluble light chain 
and made to 5M Guanldine HCl/20mM Sodium phosphate, pH 
50 8.0 in 900>il final volume. These samples were then 
placed in a Pierce Microdialyzer System 500 sealed with 
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10 



15 



20 



Enaland). Samples were dialysed against 3 changes of 
lOOmM Tris-HCl, pH7.4 at 4'C for 48 hours and used in 
ELISA. 

The above treatment (particularly the 5M Guanidine 
HCl step) appears to have little or no effect on the 
structure of the phage particle, at least witii regard to 
inf activity, since there is no drop in T.U. of the sample 
over the course of the experiment. 



d) EUS& showing functionality of refolded antibodies 

The efficiency of refolding was assayed by ELISA 
against phOX-BSA, which detects correctly refolded 
antibody- This ELISA was perfor«ed in the same was as 
described in exan?)le 1. The key observation is that 

functional antibody is '^„**f?'^ 
NQIO.12.5 phage are mixed with purified NQIO.12.5 light 
chain. In fact, there is little difference in signal 
obtained over the range of light chain concentxations 
down to lug, even when those phage are diluted; for the 
sake of clarity, just the Ijig results are shown in 
fio 12 It is evident from this that the stimulation is 
absolutely specific: stimulation is only seen when heavy 
25 chain anti-OX phage are mixed with antl-OX chain- 
no stimulation is seen when heavy chain anti-OX phage 
alone or with heavy chain anti-OX phage mifed with 
soluble anti-OX heavy chain. Neither is any stimulation 
seen when anti-TNF heavy chain phage ff© "sed alone or 
30 have been mixed with anti-OX heavy or light chain. Only 
when the correct heavy and light combination is used is a 
functional antibody produced. 

This experiment demonstrates that the process works 
35 surprisingly well. The light chains could d^i^T /"^I^ 
other sources such as from a library constructed in 
E coll or fran serum antibody. The process will also 
wrk if heavy and light chains are reversed with respect 
to the above, i.e. light chain on phage and soluble heavy 
40 chain. 
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Kx3mplB 4: Buaanising rodent antibodies using 

polycosbinatorial libraries and CDR 
inprinting 

5 C0R3 of the heavy chain is generally found to be the 

most variable of all CDRs in terms of both length and 
sequence, and can make dUnportant contacts with antigen 
(Winter, and Milstein C. Man-made Antibodies. (1991) 
Nature 349, 293-299). This is an important consideration 

10 when humanising, which can be by CDR-grafting or chain- 
shuffling (PCT/GB91/01134). The applicants have realised 
that it may be advantageous to apply the 
polycombinatorlal approach to humanisdLng by a chain- 
shuffling process in which the VHCDR3 sequence of the 

15 rodent antibody is Imprinted upon the human VH segments. 



In this exaixQ>le a mouse anti-HIV gpl20 monoclonal 
antibody was humanised. The VH domain of this mouse 
antibody was fused to the human Cyl domain and cloned 
20 into pUC19Sfi/Not/polymyc. 

A repertoire of naive human lig^t chains cloned as 
g3 fusions in fd-OOG was then infected into the cells 
carrying the chimaeric heavy chain, and phage selected on 
25 antigen. These phage have both heavy and light chains on 
their surface, though the phage genome encodes just the 
light chain; this is not a problem since the only heavy 
chain is the one provided. 

30 Light chains selected this way were then paired with 

a library of naive human VH domains, PCR-amplif ied in 
such a way that CDR3 of the human antibodies were 
replaced with that of the original mouse heavy chain. 

35 Section a) deals with construction of a chimaeric 

Fab fragment in which the mouse FSB VH and VL domains are 
fused to human CHI and CK sequences. This clone was used 
in early characterisation of the antibody and served as a 
template for subsequent PCR amplification of the heavy 

40 chain, which was then cloned into pUC19 Sfi-Not polymyc 
as a Pstl-Not I fragment (section b). Section c) 
describes construction of a human light chain repertoire 
in fd-DOG, which was then infected into cells containing 
the chimaeric heavy chain on pUC19 (section d). The 

45 resulting phage were panned against the peptide (section 
e) and the selected light chains FCR-aoqilified and cloned 
as Asc I -Not I fragments alongside the chimaeric heavy 
chain (section f) and assayed for their ability to bind 
antigen by ELISA (section g). Selected light chains were 

50 recloned in pUC (section h) and naive human VH domains 
amplified with a imitagenir primer Imposing tho FSB CDR3 
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cloned in phage (section i). This repertoire of 
imprinted heavy chain phage was then used to infect cells 
carrying the selected light chains on pUC and the 
resulting phage panned on antigen. Finally, the selected 
5 heavy and light chains are cloned together on the same 
repllcxin and assayed for binding to antigen (section j). 

a) Cloning of F5S Chiaaeric Heavy Chain 

10 i) cDNA synthesis and primary PGR 

Five ml of cultured h^ridoma cells (approximately 2 
X 106 cells) were washed in PBS, pelleted, resuspended in 
200 ul 0.1% dietiiylpyrocartxjnate in water and immediately 

15 boiled for 5 minutes. After centrifugatiom, 68 pi of the 
•boilate' supernatant was added to a 28 iil reaction 
mixture resulting in a 96 iil reaction mixture containing 
1401IIM KCl, 50mM Tris.HCl (pH8.1 @ 42-C), 8mM MgCl2, lOmM 
DTT 500pM deoxythyraidine triphosphate, 500pM 

20 deoxycytidine triphosphate, SOOpM deoxyadenine 
triphosphate and 500^M deoxyguanine triphosphate 
nucsleotide triphosphate (500pM dNTPs), 160 units of human 
placental RHAse inhibitor and lOpmol of forward primer. 
Four 111 (100 units) of avian myeloblastosis virus (AMV) 

25 reverse transcriptase was added, the reaction incubated 
at 42'C f6r 1 hour, heated to lOO'C for 3 minutes, 
quenched on ice and centrifuged for 5 minutes. The 
supernatant was then used immediately for PGR. 

30 Separate PGR amplifications were performed for the 

heavy and light chains. Fifty pi reaction mixtures were 
prepared containing 5 |a of the supernatant from the cDNA 
synthesis, 250jiM dNTPs. 50mM KCl, lOOmM Tris. HCl 
(pH8.3), l.SmM MgC12, 175jig/ml BSA, 20pmol each of the 

35 appropriate mixtures of forward and back primers 
(Clackson, t et al. (1991) supra) and (5 units) 

Thermus aquaticus (Taq) DMA polymerase (Cetus, 
Emeryville, CA). The reaction mixture was overlaid with 
paraffin oil and subjected to 30 cycles of amplification 

40 using a Techne PHC-2 thermal cycler. The cycle was 94 "C 
for 1 minute ( denaturation ) , 55 'C for 1 minute 
(annealing) and 72 'C for 1 minute (extension). The 
product was analyzed by irunning 5 pi on a 2% agarose gel. 
The remainder was extracted twice with ether, once with 

45 phenol/chloroform, ethanol precipitated and resuspended 
in 50 pi of H2O. 

11) Cloning and sequencing of amplified VH and Vk DMA 

Thp amp]if^pri VK DKA was digested with PstI and 
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(Orlandi, R- , D.H* Gussow, P.T. Jones and G. Winter 
(1989)- Cloning immunoglobulin variable domains for 
expression by 1:he polymerase chain reaclzion. Proo«Kat:l> 
Acad, Sci,. USA 86 (10), 3833-7). The an^lified VK DNA 
5 was digestred with Pvull and Bgl II and ligated into 
M13VKPCR1 digested with Pvu II and Bel I. The ligation 
mixtures were used to transform competent TGI cells. Two 
clones from separate amplifications were sequenced for 
each VH and Vk chain using the dideoxynudeotide chain 
10 termination method. 

ili) Generation of an Fab construct for expression in 
E^coli 

15 A chlmaerlc Fab containing the FSB variable domains 

and the human igGi CHl and Ck domains was constructed by 
ligating the FSB V-domains into a vector containing the 
constant domains. M13VHPCR1 containing the FSB VH was 
digested with PstI and BstEII. The resulting F58VH 

20 fragment was then purified on a 1.5% agarose gel, 
isolated from the gel with Geneclean and ligated into 
pJM-lFabDl.3 digested with PstI and BstEll (This clone 
has the same constant domains and restriction sites as 
FabNQlO.12.5 described in example 1 - in fact 

25 FabNQlO.12.5 was constructed using the constant domains 
pJM-1 FabDl.3. The ligation mixture was used to 
transform constant E.coli N4830-1 cells (Gottesman, M.E. 
Adhya, S. and Das, A. (1980) J.Mol.Biol. 140, 57-75) and 
clones containdLng the FSB VH identified by restriction 

30 analysis of RF DNA. The FSB Vk was amplified by PGR with 
the primers Vk2BACK and Vk3F0R2 (Clackson, T. et al 
(1991) supra) using M13VkPCR containing the FSB Vk as 
template. The PGR product was digested with Sad and 
Xhol, purified on a 1.5% agarose gel, isolated from the 

35 gel with Geneclean and ligated into pJM-1 Fab vector 
containing the FSB VH digested with Sad and Xhol. The 
ligation mixture was used to transform competent B.coll 
N4B30-1 cells and clones containing the FSB Vk identified 
by restriction analysis of RF DNA. 

40 

b) PGR and Cloning of FSB Chlmaerlc Heavy Chain 

The FSB chimaeric heavy chain was PGR amplified from 
FSB Fab clone DNA, using the procedure described in 

4S example 1 and using the primers VHIBAGKSFIIS and 
HUCHIFORASCNOT (Table 1). The resulting ca. 700bp 
fragment was digested with Pst I and Not I and cloned 
into Pst I and Not I-cut pUG19Sfi/Not/polymyc plasmid 
using standard procedures (Sambrook, J. et al 1989, 

SO supra . and example 1 ) . 
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The light chain repertoire was constructed using the 
same materials and conditions as described in example 2, 
with the exception that the pullthrough was performed 
using the following primers: 

5 

^chains: HUYLBAAPA (equimolar mix of 1-6) & HUCLFORSERNOT 
Kcshains: HUVKBAAPA (equimolar mix of 1-6) & HUCKFORSERNOT 

10 PGR products were digested with Apa Ll and Not I 

using the standard format and cloned into Apa LI and Not 
I-cut fd-DOG as described in exainples 1&2. Phage were 
prepared from the library clones as described in examples 
1&2 and used to infect cells containing the heavy chain 

15 (see below). 

d) Production of Shuffled Fab Phage 

Cells containing the F58 chimaeric heavy chain were 
20 grown overnight at 37 'C in 2yTAG and 500 pi added to 
SOmls fresh 2YTAmp medium^ prewarmed to 37 'C^ in a 
conical flask. The cells were grown with shaJcing to 
O.D.500 of ca. 0.5 before adding a total of lO-"--"- phage 
from the light chain repertoire. The culture was left at 
25 37 for 45 minutes without shaking then shaken 
vigorously ' for another 45 minutes at 37**C before adding 
tetracyline to 15|ig/ml and shaking overnight. 

Phage were harvested by PEG precipitation of the 
30 culture supernatant as previously described (examples 
1&2) and used for selection expeuriments. 

e) Panning of Shuffled Fab Phage 

35 This was performed on maxisorb plates as previously 

described (Marks J. et al., 1991, supra), with the 
exception that the tubes were coated with env gpl20 V3 
loop peptide of HIV-1 isolated IIIB dissolved to lOpg/ml 
in water. This peptide was obtained from the AIDS- 

40 directed program (repository ref: ADP737) and has the 
sequence: 

CTRPNNNTRRSIRIQRGPGRAFVTIGKIGNMRQAHCN 

45 The phage eluted from the tubes were used to re- 

infect fresh cells containing the F58 chimaeric heavy 
chain and the panning/re-infection procedure repeated 
another three times. 

so f^ Reclonina of Selected Light Chains 



wo 92/20791 



PCT/GB92/ 



63 



light chain DNA using the procedures described in example 
1 and primers G3LASCGTGBACK and HUCLFORSERNOT or 
HUCKFORSERNOT. The G3LASCGTGBACK primer anneals upstream 
of the translatlonal start of the glll signal in fd, and 
5 brings In an Asc I site and a rlbosome binding site 
(RBS). These fragments were digested with Asc I and Not 
r and cloned into Asc I and Not I-cleaved pUC19F58 
plasmid (as shown in fig 13) so as to create a cistron, 
enabling soluble Fab to be produced. This was analysed 
10 for peptide binding in ELISA and bound antibody detected 
by virtue of the myc tag peptide on the end of the light 
chain. 



15 



40 



50 



g) ELISA 

This was oerformed as described below. 



1. Inoculate lOOpl 2xTY, 100 pg/ml ampicillin, 1% 
glucose in 96-well plates ('cell wells', Nuclon) and 

20 grow with shaking (300 rpm) overnight at 37 •C. 

2. Use a 96-well transfer device to transfer small 
Inocula from this plate to a second 96-well plate 
containing 200pl fresh 2jcTY, lOO^g/ml ampicillin, 

25 0.1% glucose per well. Grow at 37 'C, shaking until 

O.D.eoOnm Is approximately 0-9 (about 3 hrs). To 
the wells of the original plate, add 25\il 60% 
glycerol per well and store at -70 'C. 

30 3. Add 25iil 2xTY, lOOpg/ml ampicillln, 9mM IPTG (final 

concentration 1 mM IPTG). Continue shaking at 30*C 
for a further 16 to 24 hrs. 

4. Spin 4^000 rpm for lOmin and use lOOpl supernatant 
35 in ELISA. 

5. Coat plate (Falcon 3912) with 50pl per well of 
peptide at lOpg/ml in water. Leave overnight at 
room temperature. 



6. Rinse wells 3x with PBS, and block with 200pl per 
well of 1% BSA/PBS, for 1 hr at 37'C. 



7. Rinse wells 3x with PBS, then add 25^1 6% BSA/PBS to 
45 all wells. 

8. Add 100^1 culture supernatant containing soluble Fab 
to the appropriate wells. Mix, leave 1.5 hrs room 
temp. 
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Pipette lOOpl of 4pg/inl purified 9E10 antibody, in 
2% Marvel/PBS, into each well. Incubate at room 
temp, for 1.5 hrs. 

5 10. Discard 9E10 antibody, and wash out wells witii 3 
times with PBS, 0.05% Tween 20 and 3 times with PBS. 
Pipette 100^1 of 1;500 dilution of anti-mouse 
antibody ( peroxidase-conjugated anti-mouse 
immunoglobulins, Dakopats/ICN, or peroxidase 
10 conjugated anti-mouse igG, Fo-specifxc, Sigma A- 

2554). Incubate at room temp, for 1.5 hrs. 

11. Discard 2nd antibody, and wash wells 3 times with 
PBS, 0.05% Tween 20 and 3 times with PBS. 

15 

12. Add one lOmg ABTS ( 2 , 2 ' -azino bis { 3- 
ethylbenzthlazoline-6-sulphonlc add ) , diammonlum 
salt) tablet to 20ml 50mM citrate buffer, pH4.5. 
(50mM citrate buffer, pH4.5 Is made by mining equal 

20 volumes 50mM trisodium citrate and 50mM citric 

acid) . 

13. Add 2]il 30% hydrogen peroxide to the above solution 
immediately before dispensing. 

14. Add 100)11 of the above solution to each well. Leave 
at room ten^. 20-30 mlns. 

15. Quench by adding 50pl 3.2mg/ml sodium fluoride. 
30 Read at 405nm. 

Hote 1 ; Alternatively, inoculate ^J^nes f^^^^ 

transformation plate into IOOmI 2xTy, lOOjig/ml 

ampicillln, 0.1% glucose in 96-well Plates 
35 ('cell wells', Nuclon) and grow with shaking 

(300rpm) 37* C, shaking until O.D.sQOnm 
approximately 0.9 (about 6 hrs). Continue with 

step 3. 

40 Hote 2 ; This method is based on that of DeBellis D. and 

Schwartz I., 1990 Wucl. Acids Res. 18: 1311 and 

relies on the low levels of glucose present in 
the starting medium being metabolised by the 
time the Inducer (IPTG) is added. 

Note 3 : 'Marvel' is dried milk powder- P^ is 5.84g 

NaCl, 4.72g Na2HP04 and 2.64g NaH2P04.2H20, 

pH7.2, in 1 litre. BSA is Bovine Serum Albumin. 



25 



45 



^^o hy Subnlonina Selected Liqht Chains 
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clones using an equimolar mix of t:he 7 HUVLBASFI primers 
in conjunction with HUCLTORSERASCNOT or an equimolar mix 
of the 6 HUVKBASFI primers in conjunction with 
HUCRFORSERASCNOT as described in example 2« PGR 
5 fragments were cut with Sf± I and Not I and cloned into 
Sfi I and Not I-cut pUC19Sfl/Not/polymyc then transformed 
into TGI, 

The panning/ infection pirooess described above is 
10 essentially repeated again, this time with the positions 
of the heavy and light chains reversed. 

x) CDR-ifl^inting VH 

15 VH domains were amplified frcMn the pooled primary 

PGR material described in example 2 . Six separate 
pullthrough reactions were performed with the mutagenic 
F586RAFTJH4SAL primer and each of the HUVHBAAPAl-6 
primers Individually. Conditions for the pullthrough 

20 were the same as in example 2(d) except that the 
annealing temperature was lowered to 45*C« 

The resulting VH fragments were pooled and cut with 
Apa LI and Sal I using standard conditions and cloned 

25 into Apa LI and Xho I-cut fd-D0G-61CHl using standard 
protocols '(Sal 1 and Xho I produce compatible CTAG 
overhangs ) . Phage were prepared from this library as 
described above, this time using the heavy chain phage to 
infect cells carrying the selected light chains expressed 

30 in pUC19Sfi/Not/polymyc. 

j) Screening of Final Heavy-Light Coaibinations 

The end result of this process is a pool of selected 
35 heavy chains and a pool of selected light chains. These 
are now combined at random. Heavy chain clones are now 
PGR-ampllfied using an equimolar mix of all 6 HUVHBACKSFI 
primers in conjunction HUCHIFORASCNOT using the procedure 
described in example 1. These fragments are cut with Sfi 
40 I and Asc I and gel-purified using standard procedures 
(Example 1), then ligated to equimolar quantities of Asc 
I -Not I-cut light chains produced in step f) above and 
Sfi I and Not I-cut pUC19Sfi/Not/polymyc vector, also 
produced earlier. Alternatively, these Sfi I-Asc X 
45 fragments replaced the F58 heavy chain in the constructs 
shown at the end of fig 13 (A). These constructs were 
then transformed into TGI and analysed for peptide 
binding activity by ELISA as described above. 

50 The end-products are completely human Fab fragments 
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Example 5 

Display of Single Chain FV and Fab Fragment s Derived from -the 
Anti-Qxazolone Antibody NQ10,12,5 on Bacteriop hage fd using 

5 pHENI and f dCAT2 

A range of constructs (see figure 18) were made from 
a clone (essentially construct II in pUC19) designed for 
expression in bacteria of a soluble Fab fragment (Better et 
al. 1988 see above) from the mouse anti-phOx (2-phenyl-5- 
10 oxazolone) antibody NQ10,12.5 (Griffiths, G. M. et al. Nature 
312^ 271-275, 1984), In construct II, the V-regions are 
derived from NQIO.12.5 and attached to human Ck and CHI ( 1 
isotype) constant dcxnains. The C- terminal cysteine residues, 
which normally form a covalent link between light and heavy 
hi Om^y ^V g g j ?*gi have been deleted frosi both the constant 
de»nains. To olone heavy and light chain genes together as Fab 
fragments (construct II) or as separate chains (constructs III 
and IV) for phage display, DMA was amplified from construct 
II by PGR to introduce a Not I restriction site at the 3' end, 

20 and at the 5' end either an ApaLI site (for cloning into fd- 
CAT2) or Sfil sie (for clondLng into pHENl). The primers 
FABNOTFOK with VHIBACKAPA (or VH1BACKSFI15 ) were tised for PGR 
amplification of genes encoding Fab fragments (construct II), 
the primers FABNOTFOH with VHIBACECAPA (or VH1BACKSFI15 ) for 

25 heavy chains ('construct III), and the primers FABNOTFOK and 
MVKBAAPA (or MVKBASFI) for light chains (construct IV). 

The single-chain Fv version of NQIO.12.5 (construct I) 
has the heavy (VH) and light chain (Vk) variable domains 
Joined by a flexible linker (Gly4Ser)3 (Huston, J. S. et al. 

30 Proc. Natl. Acad. Sci. USA 85 5879-5883, 1988) and was 
constructed from construct II by 'splicing by overlap 
extension' as in example 14 of WO 92/01047. The assembled 
genes were reampllfled with primers VK3F2NOT and VHIBACKAPA 
(or VH1BACKSFI15 ) to append restriction sites for cloning into 

35 fd-CAT2 (ApaLI*NotI) or pHBNl (Sfll-NotI). 

VHIBACKAPA, 5 '-CAT GAC CAC AGT GCA CA G GT(C/G) (A/C)A(A/G) CTG 
CAG (C/G)A6 TC(A/T) GG; 

VH1BACKSFI15,5'-CAT GCC ATG ACT CGC GGC CCA GCC GGC CA T GGC 
40 C(C/G)A GGT (C/G)(A/C)A (A/G)CT GCA G(C/G)A GTC (A/T)GG; 

FABNOTFOH, 5' -CCA CGA TTC TGC GGC CGC TGA AGA TTT GGG CTC AAC 
TTT CTT GTC GiAC* 

FABNOTFOK, 5 • -CCA CGA TTC TGC GGC CGC TGA CTC TCC GCG GTT GAA 
GCT CTT TGT GAC; 
45 MVKBAAPA, 5 ' -CAC AGT GCA CT C GAC ATT GAG CTC ACC CAG TCT CCA; 
MVKBASFI , 5 ' -CAT GAC CAC G CG GCC CAG CCG GCC ATG GCC GAC ATT 
GAG CTC ACC CAG TCT CCA; 

VK3F2NOT,5'-TTC TGC GGC CGC CCG TTT CAG CTC GAG CTT GGT CCC. 
Restriction sites are underlined - 

^esciif ^hnqo and Phagemid parM'-le^ 

v.;ast:rucri .....^auri... wtii^ ^..•lzoli^.^^.. 

r aken from the supernatant ot intected h.coij TGi attei 
shaking at 37*C overnight in 2xTY medium with i2,bpg/ml 
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tetracycline, and used directly in ELISA. Phagemid pHENl (and 
pHENl-I and II) in E.coli TGI (supE) ware grown overnight in 
2 ml 2xTY medium, 100 pg/ml ampicillin, and 1% glucose 
(without glucose, expression of g3p prevents later 
5 superinfection by helper phage ) • lOpl of the overnight 
culture was used to innoculate 2 ml of 2xTY medium, lOOpg/ml 
ampicillin, 1% glucose, and shaken at 37 *C for 1 hour. The 
cells were washed and resuspended in 2xTy, 100 pg/ml 
ampicillji^n, and aphagemid particles rescued by adding 2 pi 
10 (lO^pfu) VCSM13 helper phage (Stratagene) • After growth for 
one hour, 4pl kanamycin (25 mg/ml) was added, and the culture 
grown overnight. The phagemid particles were concentrated 10- 
fold for ELISA by precipitation with polyethylene glycol. 
ELISA 

15 Detection of phage binding to 2-phenyl-5-oxazolone (phOx) was 
performed as in example 9. 96-well plates were coated with 
10 pg/ml phOx-BSA or 10 pg/ml BSA in PBS overnight at room 
temperature, and blocked with PBSS containing 2% skimmed milk 
powder. Phage (mid) supernatant (50 pi) mixed with 50 pi PBS 

20 containing 4% skimmed milk powder was added to the wells and 
assayed. To detect binding of soluble soFv or Fab fragments 
secreted from pHENl, the c-myc peptide tag described by Munro 
and Pelham 1986 supra, was detected using the anti-myc 
monoclonal 9E10 (Evan, G. I. et al. Mol Cell Biol 5 3610-3616, 

25 1985) followed by detection with peroxidase-conjugated goat 
anti-mouse immonoglobulin. Other details are as in example 
9. 

The constructs in fdDOGl and pHENl display antibody 
fragments of the surface of filaoientous phage. The phage 

30 vector, fd*-DOGl (figure 16) is based on the vector fd-tet 
(Zacher, A. N. et al. Gene 9 127-140, 1980) and has 
restriction sites (ApaLI and NotI) for cloning antibody genes 
(or other protein) genes for expression as fusions to the N- 
terminus of the phage coat protein g3p. Transcription of the 

35 antibody-g3p fusions in fd-DOGl is driven from the gene III 
promoter and the fusion protein targetted to the periplasm by 
means of the g3p leader. Fab abd scFv fragments of NQIO.12.5 
cloned into fd-DOGl for display were shown to bind to phOx-BSA 
(but not BSA) by ELISA (table 2). Phage were considered to 

40 be binding if A^^^ of the sample was at least 10-fold greater 
that the background in ELISA. 

The phagemid vector, pHENl (fig. 17), is based upon 
pUC119 and contains restriction sites (Sfil and NotI) for 
cloning the fusion proteins. Here the transcription of 

45 antibody*g3p fusions is driven from the inducible lacZ 
promoter and the fusion protein targetted to the periplasm by 
means of the pelB leader. Phagemid was rescued with VCSM13 
helper phage in 2xTy medium containing no glucose or IPTG: 
under these conditions there is sufficient expression of 

50 antibody-g3p. Fab and scFv fragments of NQIO.12.5 cloned into 

■■ ■ * ■ " ■ - ■ 

aDXL: ..iuiriu ::ne same • ::;^..i.£irjLOK ui: auovt, 

,^ Lex lid Li vu aiecnuauj-uyj ...irepai -lu^ ^^i a:. l....... 

L » * -9 —t ^ rn > r »~» /-»»->. /-» T X +- W f » d » Tr- -rf- r » / \ -f r -» t.Tr^tt 1 »• -i V > . ■• i- -k » 
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1. Prepare a library of phage expressing heavy chain 
(VHCH) genes from inserts in the phage genome. 

2. Prepare a library of light chain genes in a plamid 
expression vector in E.coli, preferably a phagemid, and 

5 isolate the soluble protein light chins ezpresed from this 
library. 

3. Bind the soluble protein light chains fromt he library 
to the heavy chain library displayed on phage. 

4. Select phage with the desired properties of affinity 

10 and specificity. 

These will encode the heavy chain (VHCH) genes. 

5. Isolate the light chain genes encoding ight chains 
which form suitable antigen binding sites in combination with 
the selected heavy chains^ preferably by using superinfection 

15 of bacteria, contair*ing phagemid expressing t-he light chain, 
with phage eaqpressing the selected heavy chain and then 
assaying for antigen binding. 

Rgflmp' ^^e 16 

Rescue of Pha q^"!^^ E ncoding a Gene III Protein Fusion with 
20 Antibody Heavy or Lioht Chains by Phage Bnoodinq thB 
CQm plementarv Antibody Ch ain Displayed on Phage and the Use 
of this Technique to Make Dual C ombinatorial Libraries 

With random ccMUbinatorial libraries there is a 
limitation on the potential diversity of displayed Fab 
25 fragments due -to the transformation efficiency of bacterial 
cells. Described here is a strategy (dual combinatorial 
libraries) to overoMie this problem, potentially increasing 
the number of phage surveyed by a factor of 10^. 

For assembly of heavy and light chains expresses from 
30 different vectors, phagemid (pHENl-III or IV) was grown in 
E.coli EIB2151 (a non-supressor strain) to allow productxon of 
soluble chains, and rescued as above except that helper phage 
were used expressing partner chains as fusions to g3p (10 TU 
fd-DOGl-IV or III respectively) and 2 pi tetracycline (12.5 

35 mg/ml) in place of kanamycin. ^ ^ . 

Separate Vectors to Encode Fab Heavy and ld.ght Chains 
The heavy and light chains of Fab fragments can be encoded 
together in the same vector or in different vectors. To 
demonstrate this tiie heavy chain (construct III) was cloned 

40 into pHENl (to provide soluble fragments) and the light chain 
(construct IV) into fd-DOGl (to make the fusion with g3p). 
The phagemid pHENl-III. grown in E.coli HB2151 (non-si^ressor) 
was rescued with fd-DOGl-IV phage, and phage(mid) shown to 
bind to phOxrBSA, but not to BSA (Table 2). This demonstrates 

45 that soluble light chain is correctly associating with the 
heavy chain anchored to the g3p, since neither heavy chain nor 
light chain alone bind antigen (Table 2). 

Similar results were obtained in the reverse experiment 
(with phagemid pHEN-l-IV and fd-CAT2-III phage) in which the 



- Ijght chain rn g3p, provided the other ctiaiii is secrctea 
using the same or another vector (figure 19). 
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The resulting phage population Is a mixture of phage 
abd rescued phagemid. The ratio of the two types of particle 
was assessed by infecting log phase E.coli T61 and plating on 
TYE plates with either 15 pg/ml tetracycline (to select for 
5 fd-D061) or 100 pg/ml ampicillin (to select for pHENl). The 
titre of fd-DOGl phage was 5 x 10" TU/ml and the titre of 
pHENl 2 X 10^** TU/ml, indicating a packaging ratio of 25 phage 
per phagemid « 

Demonstrated here is an alternative strategy involving 
10 display of the heterodimeric antibody Fab fragments on the 
surface of phage. One of the chains is fused to g3p and the 
other is secreted in soluble form into the periplasmic space 
of the E.coli where it associates non-covalently with the g3p 
fusion, and binds specifically to antigen. Either the light 
15 or heavy chain can be fused to the g3p: they are displayed on 
the phage as Fab fragments and bind antigen (Figure 19). 
Described are both phage and phagemid vectors for surface 
display. Phagemids are probably superior to phage vectors for 
creation of large phage display libraries. Particularly in 
20 view of their higher transfection efficiencies (Two to three 
orders of magnitude higher), allowing larger libraries to be 
constructed. The phagemid vector, pHENl also allows the 
expression of soluble Fab fragments in non-suppressor E.coli. 

Also demonstrated here is that heavy and light chains 
25 encoded on the same vector (construct II), or on different 
vectors (constructs III and IV) can be displayed as Fab 
fragments. This offers two distinct ways of making random 
cc^nbinatorial libraries for display. Libraries of heavy and 
light chain genes, amplified by PGR, could be randomly linked 
30 by a 'PGR assembly' process (example 14 of WO 92/01047) based 
on 'splicing by overlap extension', cloned into phage (mid) 
display vectors and expressed from the same promoter as part 
of the same transcript (constsruct II) as above, or indeed from 
different promoters as separate transcripts. Here the 
35 phage (mid) vector encodes and displays both chains. For a 
combinatorial library of 10^ heavy chains and 10' light 
chains, the potential diversity of displayed Fab fragments 
(10^^) is limited by the transfection efficiency of bacterial 
cells by the vector (about 10^ clones per pg cut and ligated 
40 plasmid at best) (W.J. Dower et al Nucl. Acids. Res. 16 6127- 
6145 r 19B8). Libraries thus prepared are analogous to the 
random combinatorial library method described by Huse, W.D. 
et al Science 246 1275-1281 (1989), but have the important 
additional feature that display on the surface of phage gives 
45 a powerful method of selecting antibody specificities from the 
large number of clones generated. 

Alternatively, libraries of heavy and light chains 
could be cloned into different vectors for expression in the 
same cell, with a phage vector encoding the g3p fusion and a 
50 phagemid encoding the soluble chain. The phage acts as a 

^plper and 1~ho infectod hnr-ter i n prodTi^^er! h^)th! narl^aaf^d f'b.!u^ 
unaueiiij... .acj:. oriciQt.. jaaueiux^ ,.;--i;u-Lciv,:; . ...ul.. ...aa-Lii^ ^a.. 
t:::oaGs vi- ;nai:. .liL; nui )iix- ' ueutil. ' :. : orTIia t.. . 

: tjL iiali ui tiie antxqen-ijindinq site, Howevex . i he ueneti lui 
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both antibody chains can be recovered separately by plating 
on the selective medium, suggesting a means by which mutually 
complementary pairs of antigen binding heavy and light chain 
combinations cotild be selected from random combinatorial 
5 libraries. For example, a light chain repertoire on fd phage 
could be used to infect cells harbouring a library of soluble 
heavy chains on the phagemld. The affinity purified phagemid 
library could then be used to infect E.coli, rescued with the 
affinity purified phage library, and the new combinatorial 

10 library subjected to a further round of selection. Thus, 
antibody heavy and light chain genes are reshuffled after each 
round of purification. Finally, after several rounds. 
Infected bacteria could be plated and screened individually 
for antigen-binding phage. Such 'dual* combinatorial 

lb libraries are potentially more diverse than those encoded on 
a single vector. By combining separate libraries of 10^ light 
chain phage ( mid )s, the diversity of displayed Fab fragments 
(potentially 10") is limited only by the number of bacteria 
(10" per litre). More simply, the use of two vectors should 

20 also facilitate the constzruction of •hierarchical' libraries^ 
in which a fixed heavy or light chain is paired with a library 
or partners (example 22), offering a means of 'fine-tuning' 
antibody affinity and specificity. 
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CLAIMS 

1. A me-thod of producing mul1:±merlc specific binding 

pair (sbp) members, which method comprises expressing 
5 f rcxn a vector in recombinant host organism cells a 

population of a first polypeptide chain of a specific 
binding pair member fused to a component of a secreted 
repllcable genetic display package (rgdp) which thereby 
displays said polypeptide chains at the surface of rgdps, 
10 and combining said population with a population of a 

second polypeptide chain of said specific binding pair 
member by 'causing or allowing first and second 
pol3rpeptlde chains to come together to form a library of 
said multimeric specific binding pair members displayed 
15 by rgdps, said population of second polypeptide chains 
not being expressed from the same vector as said 
population of first polypeptide chains, at least one of 
said populations being genetically diverse and expressed 
from nucleic acid that is capable of being packaged using 
20 said rgdp component, whereby the genetic material of each 
said rgdp encodes a polypeptide chain of a said 
genetically diverse population. 
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3. A method according to claim 1 or claim 2 wherein 
at least one of said populations is expressed from a 
phagemid vector, the method including using a helper 
phage or a plasmid expressing complementing phage genes, 

5 to help package said phagemid genome, and said component 
of the rgdp is a capsid protein therefore. 

4. A method according to any one of claims 1 to 3 
wherein first and second polypeptide chains are expressed 

10 in the same host organism cell. 

5. A method according to any one of the preceding 
claims wherein each said polypeptide chain is expressed 
from nucleic acid which is capable of being packaged as a 

15 rgdp using said component fusion product, whereby 

encoding nucleic acid for both said polypeptide chains is 
packaged in respective rgdps. 

6. A method according to any one of the preceding 
20 claims which comprises introducing vectors capable of 

expressing a population of said first polypeptide chains 
into host organisms which express a population of said 
second polypeptide chains in free form, or introducing 
vectors capable of expressing a population of said second 

^.KVTGSt} .1 nonuiar.inn < .' nairi r i rrt no i vnonn ri<^^ r-riax^^' 
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7. A method according to any one of claims 1 to 5 
wherein said second polypeptide chains are each expressed 
as a fusion with a component of a rgdp which thereby 
5 displays said second polypeptide chains at the surface of 
rgdps • 

a. A method according to any one of claims 1 to 3 

wherein the population of second polypeptide chains is 
10 not expressed In the same host organism cells as the 
population of first polypeptide chains, the method 
comprising the following additional steps: 

(a) forming an extracellular mixture of a 
population of soluble second polypeptide chains and rgdps 

15 displaying a population of first polypeptide chains; and 

(b) causing or allowing first and second 
polypeptide chains to come together to form the library 
of said multljneric specific binding pair members. 

20 9. A method according to claim 8 wherein said mixture 

is par-tially denatured before being arenatured to cause or 
allow said first and second polypeptide chains to come 
together to form said library. 

population of socond polypeptide chains comprises a 
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repertoire of polypeptides purified from a human or^ 
animal source. 

11 • A method according to any one of claims 1 to 10 
5 wherein any of the populations of said polypeptide chains 
is derived from: 

( i } the re^^ertolre of rearranged 

immunoglobulin genes of an animal Immunised with 
ccunplementary sbp member; 
10 (11) the repertoire of rearranged 

immunoglobulin genes of an animal not immunised with 
complementary sbp member; 

(ill) a repertoire of an artificially reairxanged 
immunoglobulin gene or genes; 
15 (iv) a repertoire of an immunoglobulin 

homolog gene or genes; or 

(v) a repertoire of sequences derived 
from a germ- line immunoglobulin gene or genes; 

(vi) a repertoire of an immunoglobulin 

20 gene or genes artificially mutated by the introduction of 
one or more point mutations* 

( vll ) a mixture of any of ( 1 ) , ( 11 ) , 

(ill), (iv), (V) and (vi). 

laxmts wneiem scjia sop meint>ei compiiset, o aomain waxcr. 
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Is, or Is homologous to, an imntunoglobulln domaxn. 

13. A metihod according 1:o any one of 1:he preceding 
claiios wherein the rgdp Is a bacteriophage, the host is a ' 

5 bacterium, and said component of the rgdp is a capsid 
protein for the bacteriophage. 

14. A method according to claim 13 wherein the phage 
is a filamentous phage. 

10 

15. A method according to claim 14 wherein the phage 
is selected from the class 1 phages fd, M13, fl, Ifl, 
Ike, ZJ/Z, Ff and the class II phages Xf, Pfl and Pf3. 

15 15. A method according to claim 14 or claim 15 wherein 
the first polypeptide chains are expressed as fusions 
with the gene III capsid protein of phage fd or its 
counterpart in another filamentous phage. 

20 17. A method according to claim 16 wherein the first 
polypeptide chains are each inserted in the N- terminal 
region of the mature capsid protein downstream of a 
secretory leader peptide. 



wherein the host is H.coii- 



fV\> JAM $7k 
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19. A metzhod according t:o any one of the preceding 
claims wherein nucleic acid encoding an sbp member 
polypeptide Is linked downstream to a viral capsld 
protein through a suppresslble translatlonal stop codon. 

5 

20. A method according to any one of the preceding 
claims wherein rgdps formed by said expression are 
selected or screened to provide an Individual sbp member 
or a mixed population of said sbp members associated In 

10 their respective rgdps with nucleic acid encoding a 
polypeptide chain thereof. 

21. A method according to cladLm 20 wherein the rgdps 
are selected by affinity with a member complementary to 

15 said sbp member. 

22. A method according to claim 21 which comprises 
recovering any rgdps bound to said complementary sbp 
member by washing with an eluant. 

20 

23. A method according to claim 22 wherein the eluant 
contains a molecule which compete with said rgdp for 
binding to the complementary sbp member - 

. utile J.* .lit' * «.4a^ .ipjjjit'v. wixi. . wmpxtiiueiiLaj 
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member in the presence of a molecule which competes with 
said package for binding to said complementary sbp 



5 25. A method according to any one of claims 20 to 24 
wherein nucleic acid derived from a selected or screened 
rgdp is used to express said sbp member or a fragment or 
derivative thereof in a recombinant host organism- 



26. A method according to claim 20 wherein nucleic 
acid from one or more rgdp's is taken and used in a 
further method to obtain an Individual sbp member or a 
mixed population of sbp members, or polypeptide chain 
components thereof, or encoding nucleic acid therefor. 

27. A method according to claim 26 wherein the nucleic 
acid taken encodes said first polypeptide chains and is 
introduced into a recombinant vector into which nucleic 
acid from a genetically diverse repertoire of nucleic 
acid encoding said second polypeptide chains is also 
introduced, or wherein the nucleic acid taken encodes 
said second polypeptide chains and is introduced into a 
recombinant vector into which nucleic acid from a 
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28. A metihod acx^rding to claim 27 which includes the 
step of causing or allowing the recombinant vector to be 
produced by intracellular recombination between a vector 
comprising nucleic acid encoding first polypeptide chain 

5 and a vector comprising nucleic acid encoding a second 
polypeptide chain. 

29. A method according to claim 28 wherein the 
intracellular recombination is promoted by inclusion in 

10 the vectors of sequences at which site-specif ic 
recombination will occur. 

30. A method according to claim 29 wherein said 
resultant recombinant vector comprises nucleic acid 

15 encoding a single chain Fv region derivative of an 

immunoglobulin resulting from recombination between first 
and second vectors. 

31. A method according to claim 29 or 30 wherein the 
20 sequejices at which site-specific recombination will occur 

are loxP sequences obtainable from coliphage PI, and 
site-specific recombination is catalysed by Cre- 
recombinase, also obtainable from coliphage PI. 
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regul&table promoter. 

33. A method according to any one of cla ims 28 to 32 
wherein the vector comprising nucleic acid encoding the 
5 first polypeptide chain Is a phage or phagemld and the 
vector comprising nucleic acid encoding the second 
polypeptide chain Is a plasmld, or the vector comprising 
nucleic acid encoding the first polypeptide chain Is a 
plasmld and the vector comprising nucleic acid encoding 
10 the second polypeptide chain is a phage or phagemld, and 
the Intracellular recombination takes place in a 
bacterial host which replicates plasmlds preferentially 
over phages or phagemids, or which replicates phages or 
phagemids preferentially over plasmlds. 



15 



34. A method according to claim 33 wherein said 
bacterial host is a PolA strain of E.coll or of another 
grain-negative bacterium. 



20 35. A method of producing multlmeric specific binding 
pair (sbp) members, which method comprises 

(1) causing or allowing intracellular 
recombination between (a) first vectors comprising 



oomponenr oi a secretea repxiCdDxe generxc aispxay 
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package (rgdp) and (b) second vectors comprising nucleic 
acid encoding a population of a second polypeptide chain 
of a specific binding pair member, at least one of said 
populations being genetically diverse, the recombination 
5 resulting In recombinant vectors each of which comprises 
nucleic acid encoding a said polypeptide fusion and a 
said second polypeptide chain and capable of being 
packaged using said rgdp component; and 

(11) expressing said polypeptide fusions and 
10 said second polypeptide chains, producing rgdps which 
display at their surface said first and second 
polypeptide chains and which each comprise nucleic acid 
encoding a said first polypeptide chain and a said second 
polypeptide chain. 

15 

36. A method according to claim 35 wherein the 
Intracellular recombination is promoted by inclusion in 
the vectors of sequences at which site-specific 
recombination will occur. 

20 

37. A method according to claim 36 wherein said 
resultant recombinant vector comprises nucleic acid 
encoding a single chain Fv region derivative of an 
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38. A method according to claim 36 or claim 37 
wherein the sequences at which site-specific 
recombination will occur are loxP sequences obtainable 
from coliphage PI. and site-specific recombination is 

5 catalysed by Cre-reoombinase^ also obtainable from 
coliphage PI. 

39. A method according to claim 38 wherein the Cre- 
recombinase used is expressible under the control of a 

10 regulatable promoter. 

40* A method according to any one of claims 35 to 39 
wherein the first vectors are phages or phagemids and the 
second vectors are plaamids, or the first vectors are 
15 plasmids and the second vectors are phages or phagemids, 
and the intracellular recombination takes place in a 
bacterial host which replicates plasmids preferentially 
over phages or phagemids, or which replicates phages or 
phagemids preferentially over plasmids. 



41. A method according to claim 39 wherein said 
bacterial host is a PolA strain of E.coli or of another 
grain-negative bacterium. 



wherein nucleic acid trom one or more rgdp b xi> taken ana 



89 

used In a f urt:her method to obtain an individual sbp 
member or a mixed population of sbp members^ or 
polypeptide chain components thereof, or encoding nucleic 
acid therefor. 

5 

43. A method of producing one or a selected population 
of multichain polypeptide members of a specific binding 
pair (sbp members) specific for a counterpart specific 
binding pair member of interest, which method comprises 
10 the following steps: 

(i) expressing from a vector in recombinant host 
organism cells a genetically diverse population of a 
first polypeptide chain of said multichain protein, fused 
to a component of a replicable genetic display package 

15 (rgdp) which thereby displays said polypeptide chains at 
the surface of rgdps; 

(ii) combining said population with a unique or 
restricted population of second polypeptide chains of 
said multichain sbp members, not being expressed from the 

20 same vector as said population of first polypeptide 
chains, said combining forming a library of said 
multichain sbp members displayed by rgdps, said 
genetically diverse population being expressed from 
nucleic acid which is capable of being packaged using 
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(iii) selecting by affinity with said counterpart sbp 
member of interest multichain sbp members specific for 
said counterpart sbp member associated in their 
respective rgdps with nucleic acid encoding a said first 

5 polypeptide chain thereof; 

(iv) combining said first polypeptide chains of 
multichain sbp members selected in step (iii) witn a 
genetically diverse population of second polypeptide 
chains of multichain sbp members, the said second 

10 polypeptide chains being fused to a component of a rgdp 
which thereby displays them at the surface of rgdps, the 
said combining in this step (iv) forming a library of 
multichain sbp members from which one or more multichain 
sbp members specific for said counterpart sbp member are 

15 selectable by affinity with it. 



44. A method according to claim 43 wherein said 
multichain sbp members are antibodies, or other members 
of the immtmoglobulin family, or binding fragments 
20 thereof. 



45. A method according to claim 44 wherein each of 
said second chains combined in step (ii) comprise a 

• r^,r~^^hln r^nmniv rlnr-fvpri from a non-hnraan animal antibodv 
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46. A me^od according 1:0 claim 45 wherein said second 
polypeptide chains are chimaeric, comprising a human 
antibody domain « 

5 47. A method according to claim 46 wherein said human 
antibody domain comprises Cyl. 

48. A method according to any one of claims 44 to 47 
comprising an additional step (v) wherein humanised 

10 antibodies for said antigen are selected by affinity with 
it. 

49. A kit for use in carrying out a method according 
to any one of claims 1-48, said kit having the following 

15 components in additional to ancillary components required 
for cazxylng out the method: 

(1) a vector having the following features: 
(a) an origin of replication for single-stranded 
bacteriophage, (b) a restriction site for insertion of 

20 nucleic acid encoding or a polypeptide component of an 

sbp member, (c) said restriction site being in the 5* end 
region of the mature coding sequence of a phage capsid 
protein, and (d) with a secretory leader sequence 
Tinstr^^am of said site which directs a fusion of the 

"inn J. '"^"TT'CI.. -T) .n: . vO^biv: .... ■-■ ini:.. 
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having some or all of the features (a), (b), (c) and (d) 
of the vector described In (!)• 



50* A kit for use In carrying out a method according 
5 to any one of claims 36 to 41 having the following 

components In addition to ancillary components required 
for carrying out the method: 

(1) a first vector having the following features: 
(a) a restriction site for Insertion of nucleic acid 
10 encoding or a polypeptide component of an sbp member, (b) 
said restriction site being In the 5* end region of the 
mature coding sequence of a phage capsld protein, and (c) 
with a secretory leader sequence upstre&am of said site 
which directs a fusion of the capsld protein and sbp 
15 polypeptide to the perlplasmlc space of a bacterial host; 
and 

(11) a second vector having a restriction site for 
Insertion of nucleic acid encoding a second said 
polypeptide chain, 
20 (111) at least one of the vectors having an origin of 
replication for single-stranded bacteriophage, and 
(Iv) the vectors having sequences at which site- 
specific recombination will occur. 
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